
ED 110 317

DOCUMENT RESUME

SE 017 403

AUTHOR Linke, Russell Dean
TITLE The Effects of Certain Personal and Situational

Variables on t e Acquisition Sequence of Graphical

Interpretation ills. Vols. 1, 2, and 3.

PUB DATE 73
NOTE 962pt; Ph.D. Dissertation, Monash University

(Australia). Marginal legibility in appendices; best

copy available

EDRS PRICE MF$1.71 HC7$48.88 PLUS POSTAGE ---
DESCRIPTORS Doctoral Theses; Educational Research; Elementary

School Mathematics; ElemeAUry Secondary Education;
*Graphs; *Interpretive Skills; *Learning Theories;
*Mathematics Education; Secondary School Mathematics;

Task Analysis
IDENTIFIERS Gagne

ABSTRACT
'This thesds investigated the effects of certain

personal and situational variables on the acquisition sequence of-
graphical interpretational skills. A comprehensive learning hierarchy

of basic graphical interpretational skills was prepared according to
the method of task analysis proposed by Gagne, and was subjected to a

series of empirical validation studies. These studies involved the
preparation of a comprehensive instructional programme, with
appropriate questions inserted after each interpretative skill; the

same hierarchical network of graphical interpretation skills was
substantiated in each of the validation studies. Subsequent studies

with interstate and overseas. students were used to test the possible

effects of differences in curricular and cultural background, age and
nominal academic level. Each of these studies produced similar
validation results. The author concludes that the acquisition
sequence of graphical interpretational skills may be largely
independent of the specified personal and situational characteristics
examined in this research. An extensive analysis was also made of

possible subdivisional skills within each of the basic intellectual
abilities. In addition, this analysis involved the development of a

new statistical test for the difference between two dichotomous

skills. (Author/MLH)

***********************************************************************
Documents acquired by ERIC include many informal unpublished

* materials not available from other sources. ERIC makes every effort *

* to obtain the best copy available, nevertheless, items of marginal *

* reproducibility are often encountered and this affects the quality *

* of the microfiche and hardcopy reproductions ERIC makes available *

* via the ERIC Document Reproduction Service (EDRS). EDRS is not

* responsible for the quality of the original document. Reproductions *

* supplied by EDRS are the best that can be made from the original. *

***********************************************************************



THE EFFECTS OF CERTAIN PERSONAL AND SITUATIONAL

VARIABLES ON THE ACQUISITION SEQUENCE OF

GRAPHICAL INTERPRETATION SKILLS

VOLUME I

Russell Dean Linke B.Sc.(Hons.)(Flinders)

Submitted in fulfilment of the requirements

for the degree of Doctor of Philosophy

Faculty of Education

Monash University

1973

IV

3



n

TABLE OF CONTENTS
t.

(VOLUME I),

Abstract

Declaration --

Acknowledgements

INTRODUCTION

ti

viii

1

I AN OUTLINE OF THEORY AND RESEARCH RELATED TO HIERARCHICAL 5

LEARNING.

1. The Theoretical Basis of Hierarchical Learning

2. The Application of Gagne's Model to the

Construction of Learning Hierarchies

3. Experimental Research on Learning Hierarchies

(A) Construction

(B) Validation

(C) Teaching and Testing Techniques

(D) Subject Areas, Age and Academic Level

II AN ANALYSIS OF GRAPHICAL INTERPRETATION SKILLS

RECOGNITION, APPLICATION AND RESEARCH.

1. The Practical Importance of Graphical

Interpretation Skills

2. The Teaching of Graphical Interpretation Skills

3. Experimental Research on Graphical Interpretation

III THE CONSTRUCTION AND PRELIMINARY VALIDATION OF A

HIERARCHICAL LEARNING SEQUENCE OF BASIC GRAPHICAL

INTERPRETATION SKILLS.

4

6

13

14

15

17.

21

22

24

25

29

36

40



1. Construction of the Learning Hierarchy

2. Preliminary Validation of the Learning

Hierarchy

;

41

43

,IV THB.DEFINITION AND ANALYSIS OF SUBDIVISIONAL SKILLS. 52

1. The Definition of Subdivisional Skills 53

2. The Analysis of Subdivisional../Skills 87

(A) General Considerations 87

(B) The Preliminary Test 88

(C) Administration of the Major 89

Subdivisional Analysis a

(D) Results of the Subdivisional Analysis 94 °

(E) 'Discussion of Results and General 95

Observations

3. The Effects of Initial Tssting Practice on 132

Subsequent Performance

V THE MODIFICATION AND TRIAL VALIDATION OF THE

\\S

138

P STULATED LEARNING HIERARCHY.

1. Introduction 139

2. Modifications and General Restrictidn--tothe 139

Postulated Learning Hierarchy

3. Preparation and Administration of the 144

Validation Trial

-4

4. Results and Implications of the Validation Trial 151

5



VI FINAL VALIDATION OF THE'POSTULATED LEARNING

HIERARCHY (Programme I/victoria).

163

1. Preparation and Administration of the Final 164

Validation Programme

2. Results and Implications of the.Final

- Validation.Programine

175

VII THE EFFECTS OF A DIFFERENT INEORMATIONAL MODEL ON 220

THE POSTULATED LEARNING HIERARCHY.

1. Introduction 221

2. The Preparation and Administration of 223

Validation Programme II

3. Results and ImpliCations of Validation 226

Programme II

VIII THE EFFECTS OF EXTENDED NUMERICAL RANGE ON THE 267

POSTULATED LEARNING HIERARCHY

1: Introduction 268

2. The Preparation and Administration of 271

Validation Programme III

3. Results and Implications from Validation 277

ProgrgMme III,

IX THE EFFECTS OF DIFFERENT CURRICULAR BACKGROUND ON 316

THE POSTULATED LEARNING HIERARCHY.

1. In 317

2. Interstate Administration of Validation 325

Programme I

3. Interstate Results for Validation Programme I

4. General Implications from the Interstate

Validation Studies

332

336



a

X /THE EFFECTS OF DIFFERENT CULTURAL BACKGROUND ON

THE POSTULATED LEARNING HIERARCHY.

408

1. Introduction and General Background 409

2. Preparation and Administration of the Papua/ 413

New Guinea Validation Study (Programme I)

3. Results and Implications from the Papua /, = 419

New.Guinea Validation Study (Programme 'I)

>

XI THE INTERACTIVE EFFECTS OF A DIFFERENT CULTURAL 458

BACKGROUND AND SPECIFIC INFORMATIONAL MODEL

ON THE POSTULATED LEARNING HIERARCHY.

1. Yntroduction 459

2. Preparation and Administration 459

3. Results and Implications 463

XII GENERAL CONCLUSIONS AND IMPLICATIONS. 501

1. Introduction and Theoretical Perspective 502

Se'
2. The Significance of'Subdivisional Analysis 506

3. The Effects of Personal and Situational 507

Variables on the Postulated Learning

Hierarchy

4. Aspects of Methodological Significance 509

APPENDIX I 513.

A Test of Difference foi Dichotomous Data which 514

Accounts for Errors of Measurement

REFERENCES 521



O

ABSTRACT

This thesis is concerned with-the effects of certain personal .

and situational variables on the acquisition sequence of graphical

interpretation Skills. A comprehensive learning hierarchy of basic

graphical interpretation skills was prepared according to the method

of task analysis initially proposed by Gagne. An extensive

analysis was then made of possible subdiiiisional skills within each

of the basic intellectual abilities. The reasons for this analysis

were -

(1) to determine more precisely the limits of lateral transfer.

associated with each of these basic skills, and thus -

(2) to avoid invalidating likely connections through

comparison of different subdivisional skills at successive levels

of the learning hierarchy.

Thjs analysis also involved the development of a new statistical

test for the difference between two dichotomous skills. This test,

which accounts for errors of measurement, was based on a model

developed earlier by White and Clark for a test of hierarciical
1

dependence.

Following the analysis of subdivisional skills, the postulated

learning hierarchy was subjected to a series of empirical validation

studies. These studies involved the preparation of a comprehensive

instructional programme, with appropriate questions inserted after

each interpretative skill: The validation progiamme was initially

tested in three separate parallel forms, in order to determine the

effects of a different informational model and extended numerical

v
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;range on the,acquisition sequence of skil S% _Apart from occasional

'inconsistencies, apparently produced through the repetition of
.. ,

instructions in one section of the validation programme, the same

hierarchical,network of graphical interpretation skills was
, 2

substantiated in each '0,f these V'Aidation studies.

' Subsequent studids.with interstate an overseas students were

used to test the Possidble effects of differences in curricular and

cultural background,, age and nominal academic level. 'Each of these
/". (

studies produced similar validation results, though again with minor

inconsistencies. -Thus it 'Seems that the acqUisition sequence.of
1

graphical interpretation skills may be largely independent of the J

. - f

specified persodal and situational characteristics examined in this

research.

This conclusion is qUall-fied by two important observations deiived

from the analysis of subdivisional skills and the series of parallel

validation studies- .-.P

(1) The potenftial generalisaticA of any basic intellectual

skill is restricted to the scope of subdivisional conditions within

which it4ls initially taught.

" (2) The mastery of intellectual skills inone informational

context does not imply the capacity to translate these skills to

a different informational context without provision of the relevant

terminology or instructional cues.

Apart from providing evidence to substantiate the basic principle

of hierarchical learning, these studies present a number of important
e

implications for research and curriculum development.
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The principle of hierarchical learning, which involves the

sequential acquisition of logically related and progressively

complex behavioural capabilities, has long been a dominant influence

on curriculum planning and development, more partitularly in the

scientific disciplines. This influence is probably related to the

a
well-established hierarchical organisation, or substantive structure

of scientific knowledge (see Ausubel & Robinson 1969/p142; Bruner
0

1960; Dressel et ai 1960; Schwab 1964), and has tended to result in

a rigid sequential approach to.the teaching of scientific skills.

Although this general approach has been relatively consistent, the

presentation' sequence of particular skills defined within specific

topics has often varied froM one course to another, since these patterns

of sequential learning have generally been based on the intuitive

reasoning of individual curriculum writers or teachers,_ rather than

on objective or empirical re-search. Thus many important topics

have been presented in different curriculum programmes through logically

incompatible learning sequences (one example is presented in Chapter II),

and these programmes have often been widely used without consideration

for the possible effects of certain recognised learning variables,

suf:h 1!; ..isle and academic level, curricular and cultural background,

on thr: acquisition sequence or pattern of relevant skills.

Tho object or this research is to construct, and validate by

empirical means, a hierarchical network of graphical interpretation

skills, and to examine the effects of certain personal and situational

variables on the acquisition sequence of these interpretative skills.

14
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The theoretical basis for this research, which involves the nature

and conditions of hierarchical or sequential learning, is examined

in Chapter I, and this is followed by an outline of previous

investigations on the construction and validation of learning

hierarchies. Chapter II then examines the field of graphical

interpretation skills, with particular reference to the differences

in teaching approach and presentation sequence of these skills.

This chapter concludes with the case for more definitive research.

Chapter III describes the postulation and preliminary

validation of a comprehensive learning hierarchy of basic graphical

interpretation skills. The classification and analysis of

subdivisional skills within each of these basic interpretative

abilities is outlined in Chapter IV. This analysis is then used as

a basis for specifying certain modifications and restrictions to the

Postulated learning hierarchy prior to the validation trial (Chapter V).

The first major empirical validation of the postulated learning

hierarchy is described in Chapter VI, and this is followed by two

parallel validation studies, using modified instructional and testing

programmes, which examine the effects of a different informational

model (Chapter VII) and extended numerical range (Chapter VIII) on

the acquisition sequence of graphical interpretation skills.

SuPsequent validation studies with interstate and overseas students

are used to test the possible effects of other important variables,

including curricular and cultural background (Chapters IX and X

respectively), on the postulated learning hierarchy, while the

inLeractive influence of a different cultural background and specific

15
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informational model is examined in Chapter XI. Chapter XII presents

a summary of the major conclusions arising from these validation studies,

and examines the resultant implications for research and curriculum

development.

16



CHAPTER I

AN OUTLINE OF THEORY AND RESEARCH

RELATED TO HIERARCHICAL LEARNING
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1. The Theoretical Basis of Hierarchical Learning

1 -
The principle of hierarchical learning depends on the

recognition of different levels of cognitiVe capability, associated

in some form of hierarchical organisation through the postulation of

learning transfer, and is'oompatible in terms of these essential

characteristics with many recent models of learning and instruction.

The basic element of hierarchical interrelationship between different

levels of learning behaviour is emphasised in the following outlines

for several of these theoretical models.

The most explicit, and perhaps the most prominent model of

hierarchical learning is that proposed by GagnO (1965). This model

defines eight different types of progressively complex learning

behaviour - signal-learning, stimulus-response learning, chaining,

verbal association, multiple discrimination, concept learning, principle

learning and problem solving. The lower levels, or simpler forms of

learning are relatively limited in scope, while the higher or more

complex levels may also involve some degree of internal differentiation.

Each of these learning processes is characterisea by its own set of

necessary or facilitating conditions, and is hierarchically related

to the others in terms of its essential prerequisite capabilities.

A number of other prominent models, although different from

that of Gagn4 in terms of basic definition, also recognise some form

of hierarchical organisation with respect to learning behaviour.

Ausubel (1961) for example, initially defines three principal kinds

of learning (rote and meaningful learning, concept formation, and

18
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verbal apd non-verbal problem solving), but later modifies this

model (Ausubel & Robinson 1969/p59) to a hierarchically organised

set of ficie learning processes, beginning at the lowest level with

representational learning (or naming), and progressing through

concept learning, proposition learning and problem solving, to

creativity at the highest level. Both cf these models include a

number of intermediate divisions (representational learning, for

example, is the last of eight sequential stages in concept 'acquisiticea

- Ausubel 1968/p517), and are further complicated by two additional.

independent dimensions (rote/meaningful and reception /discovery)

which cut across each of these categories.

Bloom's Taxonomy of Educational Objectives (Bloom 1956) defines,

in the cognitive domain, six prCgressively complex classes of learning

. or edupational behaviour - knowledge, comprehension, application,

analysis, synthesis and evaluation - and incorpOrates a system of

hierarchically organised subdivisions within each level or class

(Bloom 1956/p30; see also Dressel et al 1960). This model is generally

compatible with those of both Gagnd (1965/p261) and Ausubel (Ausubei

& Robinson 1969/p27), although in the latter case at least there

are a number of important prodess distinctions (Ausubel & Robinson

1969/p74).

Tennyson and Merrill (1971) also recognise certain common

organisational characteristics in the hier rchical schemes of Gagnd

(1965) and Bloom (1956), and compare these with Merrill's own

learning and instructional paradigm (Merrill 1971). With respect

19



to the aspect of learning, however, this model is little more than

a reclassification of Gagne's original scheme, although it does

involve an additional dimension of emotional behaviour, and distinguishes

a further class of learning at both the psychomotor and lower cognitive

levels.

Bruner's general models of learning (1960) and instruction (1966),

0

while still in a sense hierarchical, are based predominantly on the

developmental approach initiated by Piaget (1950), and are concerned

in this respect witilthe gradual transition through three sequential

stages of information processing - enactive, iconic and symbolic

representation (Bruner 1964). These models are not explicitly

compatible with those outlined above, at least in terms of general,
4

organisational structure, but still incorporate certain conditions of

prerequisite learning and transferability which are consistent with

the basic principle of hierarchical learning. -
In addition to the common characteristic of hierarchical

organisation, each of the models outlined above involves the postulation

of learning transfer, which may be defined in general terms as the

influence of learning in one situation upon subsequent learning in

another. Transfer, in fact, is an essential condition for any model

of hierarchical learning, since the sequential acquisition of

progressively complex skills' dependson the recollection and

application of previously learned abilities. Although applicle by

definition at any behavioural level, this type of learning transfer

' assumes particular importance with the higher cognitive skills, which
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involve more extensive and more complex prerequisite abilities than

those at lower'levels.

The lower categories or levels of learning - classified "knowledge"

in Bloom's Taxonomy (1956), and probably analogous to "rote learning"

(Ausubel-& Robinson 1969),, "memorisation" (Merrill 1971), "verbal

association" and "multiple discrimination" (Gagne'1965; see also

Tennyson F. Merrill 1971) - require only that certain specific

information be recalled in the same situation, or another very similar

to that in which the learning first took place. These skills

obviously involve only limited application of specific learning

transfer. The higher forms, however, involve additional characteristics

of abstraction and generalisation, which may alSO require a different

type of learning or behavioural transfer to that involved in the

process of hierarchical-acquisition. It may be useful, therefore,

to examine more closely the whole concept of learning transfer, and

thus to clarify its role in the acquisition and application of higher

cognitive skills.

Gagne (1965) distinguishes two different types of behavioural

transfer - generalisation or "lateral transfer", which involves the

ability to recognise and apply the appropriate' concepts or principles

in relatively unfamiliar situations, and facilitation or "vertical

transfer ", in which the acquisition of more complex skills (though

not necessarily different in. the taxonomic sense) is facilitated by

incorporation with an existing cognitive structure of related

subordinate capabilities. Ausubel differentiates the latter into

N
N



more specific categories - "sequential transfer", in which both of

10

the relevant skills are at the same behavioural level, and "vertical

transfer", which defines-a somewhat different, but probably overlapping

situation where learning at one behavioural level facilitates

subsequent learning at a higher level Ausubel & Robinson 1969/p138).

Sequential transfer seems in this sense to refer more particularly

to the higher cognitive skills such as concept and principle learning

where many different levels of complexity may be defined within the

same basic category-of cognitive ability. Nevertheless Ausubel's

distinction between yertical and seqUential transfer is probably

unnecessary on theoretical grounds, since,.both by definition mediate

the acquisition of more.complex'capabilities.

The most important conditions of lateral transfer are suggested

by Gagnd (1956/p232) to be those of a personal or internal nature,

and probably include both innate and acquired capabilities. It is

suggested, moreover, with respect to acquisition,that this form of

transferability is in part a function of the-breadth or variety of

one's experience, and may be'improved to this extent by appropriate

teaching techniques. Both Ausubel (1969/p154) and Bruner

(1960/p25) advocate, as an extension or alternative to this, the

teaching of general principles rather than specific solutions or

skills, and Bloom (1956/p38) also emphasises the acquisition of

"generalised techniques" as art essential component' of higher

("intellectual") learning skills.'

The conditions of vertical and sequential transfer are generally

similar, and include a number of both internal (personal) and external

99
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(situational) charaCteristics. The latter are common to many of

.the higher7order capabilities, and infAude the nature of material

to be learned (Ausubel 1969/p142) and the sequence in which it is

presented (Ausubel 1969/p143; Bruner 1960/p13; Gagne 1965/p149),

the quality of instruction (Gagne 1965/p146; Carroll 1963), and

the opportunity or time allowed for learning (Carroll 1963). With

respect to internal conditions, Gagne asserts(1962) and later

reiterates that the most important of these is the "prior learnIng

of pre-requisite capabilities" ,(1970), While Ausubel

maintains that vertical or sequential transfer is "largely a

function of the relevance, meaningfulness,'clarity,

integrativeness and explanatory power of the originally learned

subsumers" (Ausubel 1968/p161). These characteristics of "cognitive

structure" (Ausubel & Robinson 1969/p158) are related in,turn to

both the nature, or more particularly the "sequential dependence"

(Ausubel & Robinson 1969/p142) of the subject material, and to the

acquisition sequence of relevant cognitive skills.

It is important at this stage to emphasise the distinction between

intellectual skills and verbalised knowledge. The former, alternatively

called "gener&ised s'cills" (White 1971) or "cognitive strategies"

(Gagne 1968), each represent a general class of individual learning

tasks, while elements of verbalised knowledge define single or specific

abilities at a lower cognitive level, with no comparable potential

for generalisation. These two types of learning may be illustrated

with examples from a hierarchy of graphical interpretation skills

1 23
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previously examined by White (1971). Thus the ability to rulq a

tangent. to a curve at any specified point (p43) represents a

relatively complex intellectual-skill, and describes an almost infinite

range of individual examples, each involving a different type of

curve or point of contact. On the other hand, however, the recognition

of "second" as a unit of time (p42),, which represents an element of
, .

verbalised ,knowledge, involves only a single and,. quite specific task.

In establishing the theoretical distinction between verbalised

knowledge_andintellectual skills, Gagne (1968) suggests that while

elements of verbalised knowledge may be subordinate to related

intellectual skills, they do not share with each,other the same

relationship of positive (vertical) transfer: This assertion is
p

empirically substantiated by White (1T71/p329), who concludes from

his own results that although elements of verbalised knowledge may

be learned apparently without prerequisites, they are often themselves

prerequisites for the, learning of generalised or intellectual skills.

.

It follows from the whole discussion above that the principle

Of hierarchical learning and associated general conditions of_transfer

are consistent with a number of recent learning and instructional

models. The most explicit of these models, however, is that

proposed by Gagne (1965), since this model expreabos more precisely

than the others the interrelationship between complex abilities and

subordinate or prerequisite skills, although the degree of inter

dependence, initially proposed in absolute terms (Gagne 1962/p362),

would appear to be a matter of individual inte etation(see White
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1971/p327). The relative precision or simplicity of Gagne's
%

model is an obvious advantage in any attempt at empirical validation,

and thus most, if not all of the recent research on aspects of

hierarchical learning hat been related to this framework. It seems

*9.appropriate, therefore, to use this model as a basis for the present

research in constructing and validating a hierarchical network of

graphical interpretation skills, and examining some of the conditiOns

which may affect the acquisition sequence of these skills. Thus the

following section is concerned with the application of Gagne's model

to the problem of hierarchAaf construction, and Section 3' presents

a summary of relevant researchon empirical validation, together

with other associated aspects of hierarchical learning.

2. The Application of Gagne's Model to the Construction of

Learning Hierarchies

It follows in Gagne's model of learning from the nature and

conditions of vertical transfer that any group of logically related

skills can be, arranged in hierarchical sequence or structure, such

that each of these capabilities is intrinsically dependent on the

mastery of its, subordinate skills. Thus any complex skill may be

gradually resolved by logical task analysiA to produce a series of

progressively simpler subordinate skills, which in theory should

generate "a substantial amount of positive transfer" (Gagne 1968) to

the learning of subsequent cap.ibilities. This system must inevitably

involve several different levels of learning behaviour iP the

terminal skill is extended to its simplest possible subordinates,
0

L 25
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although many experimental hierarchies have 'been restricted to the

levels of conceitt and principle learning (involving only intellectual

skills), which may in themselfes incorporate multiple aevels of

Perhaps the most important-,implication of this model is that

the resultant* theoretical learning hierarchies are readily subjected

to empirical validation, thus emphasising the.relatiVe applicability

41.

cof Gagne's (1965) model, at least in the experimental sense, over those

of Ausubel (1968) and Bruner (1960; 1966). Empirical research on the

construction and valilation of learnin7 hierarchies, initiated in

recent years by Gagne and his associates (Gagne & Paradise 1961;

Gagne 1962; Gagne et al 1962; Gagne & Bassler 1963), has already

revealed considerable information on the acquisition pathways of

certain scientific and mathematical. skills, and has also produced

a number of important methodological developments. The outline

pkesented below examines several different areas of emphasis in this

research, in order to show the diversity of approach and to illustrate

a few of the more important methodological problems.

3. Experimental Research on Learning.Hierarchies /

The predominant areas of interest in research on learning

hierarchies have probably been those of construction and empirical

validation, and this emphasis is reflected in a number of recent reviews

(Capie & Jones 1971; Repnick & Wang 1969; White 1971; Walbesser &

Eisenberg 1972) Associated aspects of this reseaLch, to be elaborated

at a later stage, include various teaching and testing techniques, a

26
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relatively limited range of scientific and mathematical topics, and

-a somewhat broader spectrum cf student age and academic level. In

terms of methodological interest, however, the problems of
4

construction and validation would seem most relevaneto this study,
o

and hence these aspects of research are examined more extensively

A (A) Construction of Learning Hierarchies

The initial definition or construction of learning hierarchies

may beachieved by a number of diffe-ent methods, the most popular of

which is probably Gagne's task analysis model- (see Gagne & Paradise

1961). This involves firstly defining the terminal skill, then

asking the question "'What would the individual have to know how to

do in order to be able to achieve this' (new) task, when given only

. instructions?'". By successive, applications of this technique,

)anycomplex intellectual skill ayrhe
)

gradually broken down to produce

1
. -

a hierarchical network of simpler
.

subordinate skills. Merrill (1971)

outlines an alternative approach to the construction of learning

hierarchies, bas(xl on an information processing model- lie claims,

however, that neither this, or Gagne;s task analysis procedure arc

individually suffici or every type of intellectual task.

An experimental method of construction reported by Smith (1970)

involves the hierarchical rating by difficulty level of supposedly

related items from a general question 'pool, and defining on the basis

,4f this analysis the appropriate intellectual skills_ associated with
4

each resultant question group. This method falsely presupposes,
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however, that a difference in item difficulty level reflects a

popitive hierarchical relationship between respective skills, and

thus the model is logically unsound. White (1971/p126), for example,

establishes a hierarchical connection between two related skills

of graphical interpretation in which, contrary to general expectations,

the higher skill is apparently easier 'than the specified prerequisite.

Alternative experimental procedures (see Walbesser & Eisenberg

1972) include both student - generated, and instructor-generated systems,

and an additional combination of both. It seems, however, that

"expert"-generated hierarchies (see Gagne & Paradise 1961) are not

necessarily equivalent to those produced by students for the same

terminal skill (Walbesser & Eisenberg 1972), though as yet there has

been no systematic research on the relative'rates and patterns of

acquisition. ThiS information is consistent with Gagne's (1968)

assertion that a logically constructed learning hierarchy does not

necessarily represent the most appropriate acquisition sequence,

and may also substantiate Ausubel's (1968ip45) distinction between

the logical (-- substantive) and psychological (or meaningful) structure

of knowledge (see also Ausubcl & Robinson 1969/p53).

Of the various methods outlined above for the construction of

learning hierarchies, Gagne's task.analysis model is probably the

simplest and most practical technique. As yet there is no conclusive

eviden5e;-from comparative studies to suggest that the more camplex or

sophisticated methods are in any way superior, or that the task analysis

model is in itself inadequate. Tis evidence, however, could not be

28



obtained without a sound validation technique, and

in the following section, none of the validation-i-ec

prOduced could be accepted without some critical or

comment.

(B) Validation of Learning Hierarchies

as explained

hniques yet

cautionary---

17

Approaches to the validation of learning hierarchies have in

general followed one of three basic patterns. The first of these,

used by Gagne and his associates in their early experime4 (Gagne

& Paradise 1961; Gagne et al 1962; Gagne & Bassler 1963), and later

by Capie & Jones (1970), Gray (1969), and Wiegand (1970), examines

the relationship of positive transfer to a single terminal skill

from a comprehensive group or system of subordinate-skills. .An

alternative method (see Resnick & Wang 1969; Wang, Resnick & Boozer

1970) involves the analysis of integral learning sequences, while

the third examines independently each postulated step between two

hierarchically related capabilities. The latter procedure is used

by Olsen (196Z.J), Raven (1967/8) , Smith (1970) and White (1971).

Each of these approaches demands a different type of statistical

5

validation technique, and although a variety of techniques have been

suggested, most are either inadequate or inappropriate for this purpose.

Perhaps the :Amplest of statistical validation techniques is

that adopted by Olsen (1968) and Raven (1967/8), which involves a

comparison of item difficulties between pairs of supposedly related

individual skills. This method is based on the same false rationale
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as that proposed by Sthith (1970) for the construction of learning

hierarchies, and is also rejected on logical grounds by White (1971),

since a difference in item difficulty levels need not necessarily

reflect a positive hierarchical relationship between respective

capabilities.

The measure of "proportion positive transfer" introduced by

-Gagne and Paradise (1961) is bated on the four-fold correlation

matrix shown in Table 1/1. This is examined in detail by White

(1971) and subsequently rejected as an impractical and misleading

index, since at best it merely reflects a positive correlation between

the relevant skills, and the values which might be expected for

independent skills are often relatively high. A modification of

this technique by the Commission on Science Education for the American

Association for Advancement of Science (see Walbesser & Eisenberg

1972) involves the calculation of three complementary indices from

the same basic correlation table. Subsequent variations on this

techniqbe are provided by Capie & Jones (1970) with the addition of

a "necessity ratio", and independently by Walbesser and Eisenberg

(1972) with two further complementary indices. The Phi and Phimax

coefficients attributed to Carroll (see Resnick & Wang 1969) are

also based on a similar matrix model. Each of the indices mentioned

above is defined in Table 1/1. Although commonly used in other recent

studies (Kane,McDaniel & Phillips 1971, Gray 1969) these methods all

suffer from certain basic deficiencies - none, for example, can

account for errors of measurement, or indicate levels of significance

for obseitwed deviations from ideal or expected behaviour.
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TABLE 1/1

Correlation Matrix Indices for the Validation

of Learning Hierarchies

Superordinate Skill

A = (+,+)

C A B =
Subordinate Skill

(or set of skills) D B
D = i-,-)

INDEX
SOURCE Title Measure

Gagnd & Paradise Proportion Positive A+D

(1961) Transfer
A+B+D

A.A.A.S: CommiSsion on Consistency Ratio A
A+B

Science Education (from

Walbesser & Eisenberg
Adequacy Ratio A

A+C
1972)

Completeness Ratio A
A+D

Capie & Jones (1970) Necessity Ratio
B+D

Walbesser & Eisenberg

(1972)

Inverse Consistency

Ratio-
a

D

C+D

Inverse Adequacy

Ratio
B+D

Carroll (See Resnick & Phi/phimax

Wang 1969) coefficients

AD -BC

(A+C)(B+D)(C+p)(A+B)

Smith (1970) Decision Rule B <Zi C

r
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A variation,reported by Smith (1970) on the single index

validation method involves the use of five questions to test each

skill, with an arbitrary criterion for mastery set at four correct

responses. The subsequent analysis-is based on the same informational

table as that discussed above (see Gagne & Paradise 1961), but'in

this case is applied to various combinations of individual skills.

The critical proportion of observed exceptions to any pOstulated

hierarchical sequence is set, as in all of the methods outlined above,

by intuitive or arbitrary definition. Thus, although this system

may account to some extent for potential errors of measurement, it

still provides no measure of significance by which to accept or reject

any postulated hierarchical relationship.

The Guttman model of Scalogram Analysis (Guttman 1944) is

discussed, together with various modifications, in a number of recent

reviews (Resnick & Wang 1969; Wang, Resnick & Boozer 1970; Walbesser

& Eisenberg 1972). These methods, however, are not extensively used

for hierarchical validation, since they can only be applied to linear

sequences of skills (which are seldom achieved in practical

situations),and provide najmeans to distinguish between subordinate

and co-ordinate relationships (Walbesser & Eisenberg 1972). The

Walbesser-Eisenberg (1971) technique and associated variations are

also prone to the latter limitation (Capie & Jones 1971), more

particularly if they are used with pairs of single skills, rather

than applied to composite groups.

The'test of hierarchical dependence developed by White and Clark

(White 1971, White & Clark 1973), which accounts for errors of
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measurement in determining the probabilities associated with acceptance

or rejection of postulated learning sequences, is probably the most

useful technique in th:Nield. This method is free from most of

the limitations inherent in the earlier models, and with certain

reasonable approximations is reduced to a relatively simple

computatiOnal procedure. The same model is used (with minor

modifications) as the basis for several validation experiments

incorporated in this project, and will therefore be discussed more.

extensively in a later section.

(C) Teaching and Testing Techniques

The teaching and testing techniques associated with hierarchy

validation experiments, which are to some extent determined by the

selection of statistical procedures, have also shown some interesting

developmental differences. Written instructions are probably the

rule, though not without exception (see Smith 1970, Capie & Jones 1970,

Olsen 1968, Resnick & Wang 1969), and these are often presented in

some form of individual learning programme (for example see Gagnd &

Paradise 1961, Gagnd & Sassier 1963, Kolb 1967/8,Gray 1969, White 1971).

The testing materials are generally concentrated,at the end of the

learning sequence (Gagne & Paradise 1961, Gagnd et al 1962, Kolb

1967/8) and may even be delayed some time beyond this stage (Okey 1968),

but evidence of random forgetting with respect to lower elements

(Gagn6 & Sassier 1963) substantiates the approach adopted more recently

by White (1971) in which appropriate questions are' incorporated

within the learning programme.

0
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(D) Subject Areas, Age and Academic Level

The range of subject areas in experiments on learning

hierarchies has so far been restricted to a relatively small selection

of mathematical topics (Gagne & Paradise 1961; Gagne et al 1962;

Gagne,& Bassler 1963; Kane, McDaniel & Phillips 1971; Resnick, Wang

& Kaplan1.970; Wang, Resnick & Boozer 1970), and associated areas of

PVsical science (Gray 1969; White 1971;.Wiegand 1970; Capie & Jones

1970)'. These two subject areas both possess a strong substantive

or logical), structure, and therefore seem more likely to be consistent
-

with this type of learning model. On the other hand, however, the.

same validation, studies have included a much more representative

range of student age and academic level, with a number of pre-school
O

studies (for example see Resnick 1967; Wang, Resnick & Boozer 1970)

augmenting those at higher levels (Gagne &.Paradise 1961; Gegn4 &

Bassler 1963; Gray 1969; White 1971; Wiegand 1970; Capie & Jones

1970).

In spite of certain methodological weaknesses, most of these

studies on hierarchical learning have produced results consistent

with Gagne's theoretical model. Moreover, the evidence against

this model is either openly inconsistent (see Merrill 1965; Merrill,

Barton & Wood 1970) or rendered inconclusive through basic

methodological flaws (White 1971/p23-25). It seems,therefore, that

the model is basically sound, but the limitations in scope and

methodological deficiencies in most of the previous studies suggest

a need for more extensive research on the nature and conditions of

hierarchical learning.
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Apart from this general objective, the present research '4 also

concerned with the practical implications of specific curriculum

studies in science and mathematics - more particularly with basic skills

of graphical interpretation, a topic which is relevant to both of these

subject areas. Graphical interpretation skills have a position of

recognised importance in both local and international curriculum studies,

and this position ensures, at least to some extent, the practical

significance of any relevant research. In addition these skills are

often presented in hierarchial or sequential form, an approach

consistent with the model adopted above, yet the logical inconsistency

of presentation sequence in different curriculum programmes implies

a need for empirical validation of a comprehensive learning hierarchy

to substantiate or replace the current courses. This theme is expanded

in Chapter II, which establishes in detail the practical importance

of graphical interpretation skills, then examines the variation in

sequence and approach to the teaching of these skills, and finally

presents an outline of relevant research-as a basis for the subsequent

development of a comprehensive learning hierarchy.

A
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1. The Practical Importance of Graphical Interpretation Skills

25

The ever-increasing-use-of-graphical techniques for both

scientific and statistical communication had established the status

associated interpretative skills as a fundamental aspect of

general curriculum studies.' Riggs (1966) cites a number of national

(American) ,curriculum experts to substantiate this posLdon, and

similar views- haVe often been expressed by both local (Bl&chford

1971, 1972; Cleaves 1972) and international authorities (Butler,

Wren & Banks 1970/p217; Grobman 1969). The importance of graphical

interpretation skills is now recognised in a practical sense by

educational organisations and authorities throughout the world, and

this is "shown in many curriculum progriammes and associated

examinations. Nevertheless there is an increasing amount of evidence

from recent testing programmes that these techniques are often ,poorly

understood, and thus by implication poorly. taught, .Common learning

difficulties with respect to these abilities are reflected in a

number of local high school curriculum examination results, and on a

broader scale in both' national and international subject achievement

tests.

An analysis of V.U.S.E.B. (Victorian Universities and'Schools

Examinations Board) Leaving and Higher School Certificate

(Matriculation) examinations (see Table 2/1 below) in Physics,

\%

Chemistry and Biology, which constitute the,major scientific disciplines

studied at this level, indicates the relative importance of graphical

interpretation skills throughout the past five years. Both Physics

and Biology examinations have maintained a considerable proportion
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TABLE 2/1

Questions on Graphical Interpretation in

V.U.S.E.B. Leaving and.H.S.C. (Matriculation)

Examination Papers (1968-1972)

SUBJECT

Physics

Chemistry

Biology

26

YEAR LEAVING
LEVEL

H.S.C.°

NumberNumber of Questions
-:.

of Questions

Graphical Total Graphical Total

. 1968 ,7 21 23 113

1969 4 23 27 110

1910 7 24 28 108

1971 9 25 39 109
(

197 2
.P.7!..7D

.7 27 31 107

. ,

1968 1 16 1 49

1969 2 14 -- 0 50

1970 1 13 0 49

1971 . '1 13 0 48

1972 2 10 0 39

1968 8 42 4 37

1 969) 4 42 4 1 36

19.10 11 45 2, 35

197 1 10 4.I. 4 ) 48

1972 12 47 '7 4H

t
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of questions related to graphical skills, while in Chemistry the

,-

number of graphical' has been relatively small.

Item analysis information based on the results of these

examinations (see Mackay 1969(a), 1970(a), 1971:White 1972(a) for.

Leaving Physics; Mackay 1969(b), 1971, White1972(a) for H.S.C.

Physics; Batten & Mackay 1969, 1970, 1971, White 1972(b) for Leaving

Biology) reveals that qqestions of graphical interpretation are often

i

among the most difficult in their respective papers, and this is

reiterated in examiners' reports (V.U.S.E.B. Reports of Examiners

for Leaving and H.S.C. examinations 1966.-1972). This floes not

necessarily reflect a corresponding level of difficulty for specific' '

graphical interpretation skills,,tinpe many of these questions are

of a composite nature, but the height of correlative evidence certainly

indicates some difficulty with the relevant interpretative skills.

The ability to understand and to "translate between verbl,
5.

symbolic, tabular,' graphical, diagrammatic and pictoriallaterial"

is an imiiortant and explicit objective for the Commonwealth Secondary

Scholarship Examinations lAustrAlian CoupCil-for Educational Rece,_rch
.1

tr.
1967) in both Quantitative Thirlking, and Comprehension and Interpretation

in the Sciences. 'A review of reklvant C.S.S.E. Opeis -tpee Table 2/2
0

'below), which aro'prosented in every state .at the intermediate high
7

schocl year, indicates again the importance attributed to graphical

interpretation skills. Item analysis results from these examinations

(A.C.E.R. - unpublished confidential information) show general
,

fluctuations in Wficulty levels for particul.ar questions irom state

to state, but at the same time emphasise a pFedominantly poor-

39



.4
4

i YEAR'

TABLE 2/2 4

Questions on Graphical Interpretation in

CoMmonwealth Secondary Scholarship

Examination Papers

(A,C.E.R. 1964-1972)

28

SUBJECT
- COMPREHENSION AND 4/

-INTERPRETATION. (SCIENCE).,

QbANTITATIVE

THINKING

Number of Questions ber of Questions

thaphical Total G aphical Total

a

1464

1965

1966

1967

1468,

1969

197 0

1971

1972

8

0

9

.19

11

18

15

14

13

74

71

70

64.

65

.62

60

66

63

3 64

60

, 10 61

t '60

20 61

4 61

A 61

2 62

62

40

4
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performance in both subjects on questions of graphical interpretation.

The I.E.A. (International Association for the Evaluation of

Educational Achievement) cognitive achievement tests in science (A.C.E.R.

'1
1970) and mathematics (A.C.E.R. 1964), which have been conducted

at various equivalent levels in twelve.countries throughout'the world,

incorporate somewhat fewer questions on graphical interpretation

(Table 2/3) than most of the tests discussed above, although many of

the relevant skills are rated as important specific objectives in

mathematics (Keeves 1966) for both the thirteen-year old(Tegis A-C)

and pre-university (Tests 5-9) student populations. Evaluative

information for the science testing programme has not'yet been

released, but the results for mathematics indicate that-levels of

achievement°in Australia (Keeves 1966) for particular questions involving

graphical interpretation skills are in general subs ntially lower

than the corresponding international average (Husen 1967), although

Keeves and Radford (1969) suggest that bytinternational standards

the overall results for Australian students are also relatiVely

The tests in mathematics were conducted several years ago, but

substantiating evidence above from both local and national examinations

suggests that the general understanding of graphical interpretation

skills has probably not improved in recent years. Thus accepting

the practical importance of this area, we must now exaMfne more

closely the methods of approach by which these skills are taught.

1

2. The Teaching of Graphical Interpretation Skills

The teaching of graphical interpretation skill is by no means

41



.TABLE 2/3

Questions on Graphical Interpretation

in I.E.A. Cognitive Achievement Tests

(A.C.E.R: 1964, 1970)

b

30

MATHEMATICS (1964) SCIENCE (1970)

TOPIC

Number of Questions

TOPIC

Number of Questions

Graphical Total Graphical Total

Test A 1 23 General

B 3 24 Science II A 2 40

C 1 23 B 0 40

5 3 21 General

6 0 17 Science IV A 4

7 1 17 B. A. 30

8 0 16

9 2 ...... 15 Physics; 0 40

Chemistry 4 40

°
t.

.
1

Biology 5 40

42
1
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confined, in spite of certain common objectives, to a single or

uniform approach, and the actual diversity of approach is probably

best reflected in a systematic analysis of current local and overseas

curriculum programmes. These courses of instruction-may be

conveniently classified into two basic categories - (a) General

courses, usually incorporated in the mathematics curriculum and

introduced at the primary or elementary stage, and (b) Service

courses, which. are typically associated with one of the scientific

studies, and presented at a somewhat later stage of intermediate

(junior high schooWor secondary education. General courses on

graphical interpretation are included in all Australian state

primary-mathematics curricula (for example see education Department/

Victoria. (1965-1969), Queensland (1966 - 1968), South Australia

(1969-1971) for curriculum outlines), the S.M.S.G. Elementary

Mathematics Program (School Mathematics Study Group 1962) and in

the Nuffield Mathematics Project (1969). Service courses are

produced by the Intermediate Science Curriculum Study (1970), Biological

Science Curriculum Study (1970) and Australian Science Education

Project (1972) to complement their respective scientific programmes.

An analysis of these courses is outlined in Table 2/4.

A comparative review of these instructional courses or programmes

reveals a number of interesting and important differences. Despite

the claim by Smith (1970) that "the treatment of graphs in *the

primary mathematics program often lays the main stress on construction

work", several of these programmes (Ed. Dept. /Qld., Nuffield (2),
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TABLE 2/4

Courses of Instruc on on Graphical Interpretation

Programme/Course Stage of Predominant Graphical

Introduction Approach Forms
-

Education Dept. early primary DelielOpitental Bar, Line, Circle,

(Victoria) grades (1-3) Picture graph

Education Dept. early primary Hierarchical Bar, Line, Circle,

(Queensland) grades (1-3) Picture graph

Education Dept. grade 3 Hierarchical Bar, Line, Circle,

Picture graph

5

early primary Develpmental Bar, Line, Circle,

grades (1-3) Picture graph

middle primary Hierarchical Line graph-only

grades (3-5)

S.M.S.G. grade 6 Hierarchical
"41b

Bar, Line, Circle,

Picture graph

early High Hierarchical Line graph only

School grades

(7-9)

middle High

School grades

(9-11)

Hierarchical . Line graph only

A.S.E.P. early High Hierarchical Line graph only

(National School grades

Trial Unit) (7-9)

44
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S.M.S.G.) deal only with interpretative skills, and the other

General courses also emphasise this area.

however, the Service courses (I.S.C.S., B.S.C.S., A.S.E.P.) are

In contrast with this,

directed more toward constructional techniques, which are generally

thought to involve a different, though probably overlapping set of

skills.

The numerical range used in graphical. exercises throughout the

General courses often lags well behind the introduction of more

complex and extensive number systems in other sections of the primary

curriculum, and even the high school Service courses are restricted

to relatively simple number systems. There are, however, certain

differences with respect to numerical range, which may involve

either integral or rational numbers of different degrees in

magnitude, depending on the course and level. Although negative

numbers occur in the S.M.S.G. programme, these are rarely used in

introductory graphical exercises.

The introductory vocabulary of specific graphical terms (such

as "horizontal", "vertical","co-ordinate" and "axis") is generally

fairly limited in the primary or General programmes, particularly

at the lower grades, but seems to be more extensive in the high

school SerVice courses, which often cover more sophisticated skills.

In contrast with this, however, the range of informational models

or examples is usually more extensive in the General courses listed

above. The range of graphical forms is also wider in these programmes

(see Table 2/4), which in general cover all four basic models
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recommended by Dutton & Riggs (1969), while the Service courses are

concerned only with the two-dimensional line segment graph. This,

according to Weintraub (1967), is "one of the most difficult of all

graphic forms to interpret", though it is also by far the most

common and versatile form.

The programmes or courses outlined above involve two different

types of approach to the teaching of graphical. nterpretation skills.

The Developmental approach, which is used in .the Victorian state

curriculum and one of the Nuffield programmes (see Table 2/4), is

based on Piaget's (1950) theoretical model of developmental

psychology, and emphasises the gradual transition from simple

operations with concrete objects to the abstract representation of

more complex statistical data. Thus the section on "Statistics and

Graphs" in the Victorian state curriculum begins with relationships

between real or tangible objects, and proceeds through various stages

of symbolid representation, initially with the same set of three-

dimensional objects (such as beads), and subsequently with two-

dimensional symbols (bars or strips of paper), to a later series of

exercises in moie abstract pictorial representation (Applied Number/

Sections A-C 1969, D-F 1969; Mathematics/Sections G 1968, H&

1969).

The Hierarchical approach, which is adopted. in the other General

courses and all the high school Service programmes (see Table 2/4),

follows Gagne's type of learning model, and concentrates on a logically

defined sequence of more specific and progressively complex graphical

skills, all of which typically involve some form of abstract

46



35

rep esentation. The S.M.S.G. programme (Grade 6 (part 2) / Section

5, 962), which follows this approach, begins with number -line

examples, and progresses thiough plane rectangular co-ordinates to

displacement calculations, and subsequently to geometric translations

and reflections.

These two approaches are not completely incompatible, but rather

reflect a differential emphasis, which may in part be a feature of

the age or academic level at which the respective types of programme

are introduced. If the Hierarchical model, for example, is

extended to its simplest subordinate leVels of representational

ability, the lowest skills may well resemble the introductory activities

proposed in the Developmental programmes. Most of the Hierarchical

courses, however, are limited to more sophisticated levels of abstract

representation, in which there is a greater capacity for generalisation,

and hence a greater opportunity for practical application of the

relevant interpretative skills. It seems appropriate, for similar

reasons, that the present research is also concerned with more

versatile intellectual skills, and 9aus remains consistent with the

principle of hierarchical learning on which most of these courses

are based.

One of the most important features of the hierarchically based

programmes, however, is that each of those outlined in this analysis

presents a different "logical" sequence of graphical interpretation

skills, and these sequences are often incompatible. The I.S.C.S.

and A.S.E.P (first trial) courses, for example, both incorporate the
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reading of linear scales after the introduction to co-ordinate

location, while other courses with the same hierarchical approach

present these skills in the opposite order. ThiS discrepancy in

presentation isiapparently produced by the use of intuitively

defined, rather than experimentally validated learning sequences,

although formative evaluation (and subsequent modification) of the

A.S.E.P. Service programme (A.S.E.P. 1973) suggests at least some

recognition of the necessity for empirical observations. The

background of experimental research in this area is rather limited,

and generally inconclusive,°but a few of the relevant studies are

examined in the following section as a basis for the subsequent

Selection and hierarchical organisation of appropriate abilities.

3. Experimental Research on Graphical Interpretation

Much of the research on graphical interpretation is concerned

with the applicability of different graphical forms rather than,_

specific learning skills, but may be useful in the selection of a

suitable subject field. An early analysis by Washburne (1927)

examines, by means of a common instructional programme, the relative

effectiveness of textual, tabular, and various graphical forms for

the presentation of certain quantitative material. Washburne

concludes that the type of presentation model has a substantial effect

on resultant learning levels, but that differences in the quantity

of data have relatively little influence on comparative effectiveness.

A number of other research studies in which interpretative diffibulties

are compared for different graphical forms have recently been reviewed
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by Riggs (1966). Seyeral of these studies, however, make no

attempt to teach the relevant skills, and those which do involve

an instructional course often produce conflicting results.

Riggs (1966) includes. four basic types of graphical model in

the development of a programmed text for fifth grade studentg, but

makes no attempt at sequence validation (see also Dutton & Riggs

1969). Most interpretative skills contained within this programme

are concerned only with the recognition of specific graphical terms,

and in fact half cf the explicit behavioural objectives involve

aspectg of verbalised knowledge. The intellectual skills include

calculations of amount (or co-ordinate position) Wid comparative

values (difference or displacement), together with rank and average

estimations. Riggs adopts a pretest /programme /post -test design

with a single test of 70 multiple-choice items. This includes a

preliminary section on prerequisite skills, involving basic

computational processes not included in the programme, and the

remaining items serve as.a comprehension criterion test. The most

obvious and important weakness with this study is the failure to

recognise the need for empirical sequence validation, which seems to

be inconsistent with the fundamental assumptions of programmatic

learning and instruction.

The investigation by Kolb (1967/8) of a hierarchical learning

sequence, which is concerned with various interpretative skills

related to line-segment graphs, follows closely the methodological

approach outlined by Gagne and Paradise (1961). This design involves

a single question for'each element or ability, included at the end

of a comprehensive learning programme, and is criticised by White
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(1971) on both practical and statistical grounds. Kolb (1967/8)

ti

reports a number of. exceptions to the postulated learning sequence,

thouO White (1971) attributes many of these to the elements of

verbalised knowledge and possible errors of measurement.

The A.C.E.R. research and development project reported by

Smith (1970) involves the validation of an extensive learning sequence
..,

/

of graphical interpretation skills (including the four basic models

recommended by Dutton'& Riggs (1969)), which is directed at the

; upper primary grades. The methlod of hierarchical construction,

which is based on item difficulties for a general pool of relevant

I questions, has already been discussed in Chapter I, together with

the associated statistical validation technique. In spite of various

methodological deficiencies, this is probably one of the more useful
o

and comprehensive studies in the field of graphical interpretation,

though it can not claim to proVide an essential learning sequence of

interpretative. skills.

The most reliable attempt at hierarchical validation with respect

to graphical skills is that reported by White (1971), although this

study was restricted to a relatively limited range of interpretative_

skills leading to the. calculation of velocity from a distance/time

(two-dimensional line segment) graph. Perhaps the most important,

methodological features of this study involved the placement of

appropriate evaluation questions throughout the learning programme,

the determination of subdivisions within each element or skill, and

the development of a statistical test to account for errors of

measurement (see also White & Clark 1973).. AS suggested in Chapter I,
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the elements of verbalised knowledge incorporated in this model

1

did not generally conform to the,diipected hierarchical relationships,

at least with respect to their postulated subordinate skills, but

apart from these exceptions the model was generally valid. Despite

the significant methodological features of this study, the

reltively-limited scope of postulated skills restricts its potential

application as a basis for general teaching or diagnostic programmes.

The necessity for, and practical value of an empirically

validated sequence'of graphical,intetpretation skills is emphasised

by - (a) the recognised importance of these abilities, as shown in

both local and international subject examinations and in various

instructional programmes, Oar the lack of general understanding

indicated by relevant examination results, and (c) the incompatibility

of presentation sequence in different curriculum programmes.

Moreover, ,the limitations in methodology and scope of existing

research studies reinforce the need for-more extensive investigations.

The first aspect of this project therefore involves the construction

and empirical validation of a comprehensive learning sequence of

graphical interpretation skills, and this is introduced in Chapter



%.;

CHAPTER III

r.

THE CONST40CTION AND PRELIMINARY VALIDATION OF A

HIERARCHICAL LEARNING

iQUENCE

OF BASIC GRAPHICAL

INTERPRETATION SKILLS
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The construction and validatiori'of a comprehensive learning

41

hierarchy concerned with basic skills of graphical interpretation

requires a number of important'practiOal considerations. In the

first place there are four basic categpries of representational

model - bar graphs (or histograms)) line-segment graphs, circle

graphs (or pie charts) and pictographs - recommended for general

instruction by various curriculum authorities (see Dutton and Rig0

1969). Each of these categories or graphical formi is commonly used

\ N..
in a wide range of educational programmes and popular phblications,

and each involyes a different, though probably overlapping set of

skills. There are, in addition to this, at least six different areas,

of graphical interpretation.. These are representedby (1) positio

or co-ordinate location, including, in the case of hiseograms or

segment graphs, (2) interpolatiOn and extrapolation (the determination'

of general trends), and (3).turning points (maximum and minimum

values), together with (4) displacement, (5) slope (or gradient), and

(6) area.

0
Not all of these interpretative areas are appropriate to every

graphical form, but in spite of this it would clearly be impossible

to provide for every relevant combination of form and associated

skills in the preparation of a liMited practical research design.

Thus in respect to these obvious experimental constraints, it was

decided to restrict the scope of the present study to a single graph-

ical.or representational form, but in partial compensation to select
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one involving every type of ,interpretative skill. The only form

r- meeting this condition is the two - dimensional. line- segment graph,

.

which because of its versatility is probably the most popular,

representational form. Weintraub (1967) suggests that this is

also "one of the most difficult of all graphic forms to interpret",

although results from a number of studies reported by Riggs (1966)

/-

are in. conflict with this assertion.

The necessity for uniform terminology to define each inter-

pretative result (such asposition, displacement or gradient), and

for versatility in relation to areas of meaningful interpretation,

42,

obviously tends to limit the range of specific informational relation-

ships appropriate for a comprehensive learning programme. The most

generk type of informational model, and one which meets the necessary

conditions of uniforMity and versatility, is rthe abstract or symbolic

relational model involving the variables X and Y. This was conse-

quently selected as the most appropriate model for the present

research. It is also, perhaps, the least likely to involve concep-
i

tual difficulties with more complex interpretative skills, and

this project later examines the extent of these conceptual difficult-
.

ies thr gh analogous investigations with'a different informational

model. Th e investigationk are discussed in Chapters VII and XI.

Each of the six different areas of graphical interpretation

outlined above r

skill or, set

es, by logical definition, a different terminal

skills. Thus the initial construction of the learn- ,

ing hier chy, whiCh followed Gagne's task analysis method (Gagne
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and Paradise 1961), was undertakeniin six\ different sections,

corresponding to these interpretative areas. Each of the associated

terminal skills was then subjected indepenIdently to hierarchical,

task analysis, so that a comprehensive system of appropriate sub-

ordinate skills could be defined. Although independent with respect
7.--v -

to terminal skills, each of the six interpretative areas was found,

as expected, to be logically related through a complex system of

subordinate associations. An outline of the postulated hierarchy

is presented in Table 3/7; and a more detailed description of part-

icular interpretative skills in Tables 3/1-3/6. In sane case:;

alternative constructional skills, which appear to be closely related

to certain interpretative abilities, have also been outlined (see

'Tables3/1 and 3/4).

2. Preliminary Validation of the Learning Hierarchy

The need for preliminary validation of theoretical learning

hierarchies is emphasised by White (1971) on the grounds_that

presentation sequence of questions and instructions within arning

programme, which is determined by the hierarchic horde appropriate

skills, limits in turn the extent of subsequer statistical analysis.

Thus empirical validation procedures can only be applied to a specified

pattern or system of skills, and can not be used to generate new

relationships. In accordance with this argument, the postulated

learning hierarchy of graphical interpretation skills was subjected

to various methods of subjective validation to ensure the most appropriate
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presentation sequence.

The procedure for preliminary or subjective validation involved

consultation with several experienced teachers and curriculum experts,

as suggested by White (1971), comparison with appropriate textbooks

and current learning programmes, and consideration of both the results

and recommendations of other relevant research. In general the

consultants agreed that the postulated system of skills was logic-

ally sound, but information from research reports and other literary

sources was often contradictory and generally incomplete. The

diversity of sequential presentation in current learning programmes

has already been discussed in Chapter II, and most cf the previous

attempts at empirical validation have proved equally inconsistent

through various methodological deficiencies and consequently incon-

, elusive results. The validation study by White (1971), however,

proved a much more reliable comparative guide for sections involving

the same'or closely analogous skills, and the postulated hierarchy

outlined above proved consistent in these areas of common application.

FolloWing the preliminary validation of basic intellectual)

skills, it was necessary to define more precisely the possible sold

aivisional abilities incorporated within each basic skill. This

procedure was recommended by White (1971), in order to avoid sub-

sequent confusion between parallel hierarchical relationships involving

independent subdivisional skills, which might cause the unwarranted

rejection of a valid learning sequence. The definition and analysis

of subdivisional skills is examined in Chapter rv.
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TABLES 3/1-3/7

Postulated Learning Hierachy of Basic

Graphical Interpretation Skills (Initial Version)

45

INTERPRETATIVE AREA

1. Calculation of Position (a) - Co-ordinate location.

2. Calculation of Position (b) - Interpolation and Extrapolation.

3. Calculation of Position (c) - Maximum and Minimum values.

4. Calculation of Displacement.

5. Calculation of Slope or Gradient.

6. Calculation of Area.

CLASSIFICATION CODE

EXPLANATORY NOTES

Each of the following skills is specifically classified according

to a complex numerical and alphabetical code. The first number of

this code represents the interpretative area as shown in the table

above. The second number indicates the level, of a particular ability

within this area, rated downward from the appropriate terminal skill.

Where letters are also used, these represent secondary sequences or

streams, and indicate branching in the hierarchical network. Skills

which occur in more than one interpretative area are classified

according to that in which they are first defined.

Q

57



46

TABLE 3/1

Skills for Calculation of Position (A)

1/1 Calculate the Horizontal or

Vertical position of a given

point on a two-dimensional

grid or line-segment graph.

(Alternatively mark the

position of a point, specified

by two given co-ordinates.)

1/2 Calculate the position of a

given point on a single

Horizontal or Vertical number

line.

(Alternatively mark the

position of a point, specified

by a given value.)
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TABLE 3/2

Skills for Calculation of Position (B)

2/1(A) Calculate the Horizontal 2/1(B) Calculate the HOrizontal

or Vertical position of a

point, specified by one 4

co-ordinate, interpolated

between a given row of

points on a two-

dimensional grid.

47

or Vertical p6sition of a

point, specified by one

co-ordinate, extrapolated

beyond a given line

segment (or row of points)

on a two-dimensional grid.

TABLE 3/3

Skills for Calculation of Position (C)

3/1 Calculate the Maximum or

Minimum value of a curve

((giving Horizontal or Vertical

position) drawn on a

two-dimensional grid.

T1/1
3/2 Identify from a mixed sample

of convex, concave and

inflexional curves, those

with a Maximum or Minimum

Turning Point.
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TABLE 3/4

Skills for Calculation of Displacement

4/1 Calculate the Horizontal or

Vertical displacement between

two given points on a two-

dimensional grid or line-

segment graph. (Alternatively

mark the location of a point,

given its displacement from a

specified position.)

4/2 Calculate the displacement

between two given point's on a

single Horizontal or Vertical

number line. (Alternatively

mark the, location of a point,

given its displacement from a

specified position.)

4/3 Complete the calculation

A-B=C, given any meaningful

combination of two specific

values.

60

1/1

1/2
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TABLV3/5

Skills for Calculation of Gradient

5/1 Calculate the gradient of a

curve on a two-dimensional

grid at a fixed point specified

by one (Horizontal or Vertical)

co-ordinate.

5/2(A) Calculate the gradient of 5/2(B)

a straight line segment

drawn on a two-dimensional

grid.

4/1

5/3(A) Calculate the gradient of 5/3(B)

a straight line segment,

given both the horizontal

and Vertical displacement

values.

5/4(A) Complete the calculation

A/B = C, given any

meaningful combination of

two specific values.

61

Draw the Tangent to a curve

on a two-dimensional grid..

at a fixed point specified

by one (Horizontal or

Vertical) co-ordinate.

T
1/1

Draw the Tangent to a curve

at a given point of contact.



TABLE 3/6
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Skills for Calculation of Area

6/1 Calculate the approximate area

(by the method of counting

squares) enclosed between two

points of a given line segment,

each specified by one co-

ordinate, and the Horizontal

axis of a two-dimensional grid.

1/1

6/2 Calculate the approximate area

(by the method of counting

squares) enclosed between two

marked points on a given line

segment and the Horizontal axis

of a two-dimensional grid.

6/3(A) Classify a particular

segment of a divided

rectangular block as less

than, or not less than

half of the total area.

6/3(B) Calculate the area of a

rectangular block, given

the values for length

. and height.

6/4(B) Complete the.calculation

AxB = C, given any

meaningful combination

of two specific values.
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5/2(A)

51

TABLE 3/7

Outline of the Postulated

Learning Hierarchy

5/3(A) 0

5/4(A) 0

NOTE

Shaded circles represent Terminal Skills.

63
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1. The Definition of Subdivisional Skills

Each of the intellectuarlskills outlined in Chapter III

represents a composite group or class of more specific tasks with

certain common operational or behavioural characteristics. Each

class may also contain a number of smaller groups or subdivisions,

which are more precisely defined in terms of common characteristics,

and which represent logically distinct, but related aspects of the

same general type of intellectual skill. Thus the ability to read

the position of a given point on a graduated number line (element

1/2) may contain, as independent subdivision &. skills, the ability

to read both integral and decimal numbers, which may in turn have

either positive or negative sign, and the ability to interpret both

Horizontal and Vertical number lines (see Table 4/2). The meaning

of independence in this context is that the learning of one of these---- -.3,7,...---

subdivisional skills does not imply immediate acquisition of others

in the same larger group defined by the basic element or intellectual

skill.

The operational characteristics which serve to differentiate

subdivisional skills, such as axis orientation and computational pro-

cedure, arc initially defined by logical analysis, and do not nec-

essarily represent independent abilities. A subsequent empirical

analysis must therefore be made in order to determine which of the

postulated subdivisions in effect involve different capabilities.

This amounts to the determination of practical limits associated with

lateral transfer, and suggests an alternative definition of subdiv-

isional skills as those within which the learning of a single specific
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example provides immediate lateral transfer to others defined in the

same classification group. This definition If subdivisional skilla

in terms of learning transfer indicates again the need for empirical,

rather than logical delineation.

The necessity for empirical analysis of-su
b

trional skills

:is emphasised by White (1971) for two important practical reasons.

In the first place hierarchical validation involves the testing of

each intellectual skill with at least two representative questions

(to account for errors of measurement), but if these involve differ-

ent subdivisional skills then the errors of measurement will be con-

siderably increased, and the power of the statistical validation

technique will therefore be reduced. An alternative, and probably

more serious problem arises when the questions proposed for testing

hierarchically related skills do not represent analgogous subdiv-

isional areas. In thil case the postulated hierarchical relationship

of vertical or sequefitial transfer may be invalidated through cross-
,

analysis with independent subdivisional skills at different levels,

and thus an important instructional step may be falsely omitted or

abandoned.

The definition and empirical analysis of subdivisional skills

iwa fundamental feature of.the procedure outlined by White (1971)

for the validationOfiearning hierarchies, but is not a character-

istie, at least in. the same systematic sense, of any previous re-

search in this field. Smith (1970) identifies a number of common,

"variations" on basic postulated principles of graphical interpretation,

and defines the questions and instructional matleals for each
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principle in the validation programme according to the simplest of

these apparent variations. Although this'study involves no

systematic analysis of the postulated variations or subdivisional

skills, it does at least recognise their existence, and in terms of

F
the resultant experimental constraints probably takes a conservative

.*?5.

approach. The subdivisional analysis by White (1971), however; is

much more systematic in nature and comprehensive in scope than any

previous experimental studies, and therefore serves as a useful'

model for the present research project.

In delineating subdivisional skills, a balance must be made

between the necessity for comprehensive identification and the pract-

ical constraints associated with empirical analysis. Thus White

(1971) suggests the limited use of implication or extrlpolatiqn, Lv

infer from empirically established subdivisional skills at one level

of the learning hierarchy the existence of analogous subdivisions at

subsequent levels. This process limits the necessity for empirical

analysis, which might otherwise become.impracticable in scope and

disproportionate in overall significance, because of the statistical

requirement for duplicate quetions to account for errors of measure-

ment in the testing of each subdivisional skill.

With regard to these considerations of comprehensive identifi-

cation and practical constraint, a number of logically independent

we :; defined for each of the intellectual skills out-
,

!inv.(' in Ch.ipti- III. There were,.however, two exceptions (elements

ild 6/I), which probably'represent the Most complex of these
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abilities, and would therefore involve the largest number of potential

subdivisions. Since both of these exception; are. terminal skills,

their likely subdivisional elements maybe specified by implication

froth analogous subdivisions in conptituent or subordinate skills.

An outline of all the specified subdivisional skills, together with'

explanatory notes and appropriate testing groups, is presented in

Tables 4/1-4/18. Each of these subdivisional groups is represented

by duplicate questions in r comprehensive analytical test precented

in .Volume II. .This test contains a total of 240 questions,

. representing 12D subdivisional groups from 18 basic skills of graphical

interpretation.

1:,
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TABLES 4/1-4/18

Comprehensive Ou4line of Subdivisional Skills

ABREVIATION CODE

(1) Axis Direction or Orientation

H. Horizontal

V Vertical

(2) Numerical Value

I Integral number

D Decimal

(3) Numerical Sign

+ Positive

- Negative

(4) Constructional Skills (c)

EXPLANATORY NOTES

57

(1) Each question group incorporates two different questions, marked

(a) and (h) (see Volume II), corresponding to the same subdiv-

isional classification.

(2) Complex classifications (e.g. V/I/+) represent simultaneous,

not alternative conditions.

(3) The numbers shown for "Tests" indicate question group comparisons,

which reflect specified zubdivisional differences in respectively

defined abilities.
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TABLE 4/1

Subdivisional Skills for Element 1/1

QUESTION:

GROUP

SUBDIVISIONS

Direction

(Required Co-ordinate)

Number Sign

Alternative

Co-ordinate

1 H I + V /I /+

2 (C) H I + V /I /+

3 H I - V /I /+

4 H I 0 V/I/+

5 H D + Vii/+

6 V I + Hii/+

NOTES

1. Question group 2 represents an analogous constructional skill,

and has the same subdivi.sional conditions as those for the

interpretative ability represented by question group 1.

2. The numerical values of alternative co-ordinates are not

necessarily the same, although all involve integral numbers.

TESTS

(1) Co-ordinate Divisions

Horizontal/Vertical (Direction) = 1/6

Integral/Decimal (Number) = 1/5

Positive/Negative (Sign) = 1/3

Positive/Zero (Sign) = 1/4

(2) Inteipretation/Construction = 1/2



TABLE 4/2

subdivisional Skills for Element 1/2

ESTION

GROUP

SUBDIVISIONS (Position)

Direction Number Sign

1 H I +

I

2 (C) H I +

3 H I -

4 H I 0

5 H D +

6 V I +

NOTES

1. Question group 2 represents an analogous constructional skill,

and has the same subdivisional conditions as those for the

interpretative ability represented by question group 1.

TESTS

(1)

(2)

Positional Divisions

Horizontal/Vertical (Direction)

Integral/Decimal (Number)

Positive/Negative (Sign)

Positive/Zero (Sign)

Interpretation /Construction.

=

=

=

=

=

1/6

1/5

1/3

1/4

1/2

71
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TABLE 4/3

Subdiviaional Skills for Element 2/1(A)

QUESTION

GROUP

SUBDIVISIONS

Required Alternative

Co-ordinate Co-ordinate
Slope

interpolation

Distance

1 V/I/+ H/I/+ +1 2

2 H/I/+ V/I/+ +1 2

3 V/I/+ H/I/+ -1 2

4 V/I/+ H/I/+ 0 2

5 H/I/+ V/I/+ 1/0 2

6 V/D/+' H/I/+ +1 2

7 V/I/- H/I/+ +1 2

8 V/I/0 H/I/+ +1 2

9 V/I/+ H/I/+ +1 4

NOTES

1. The conditions for direction, number and sign are listed respectively

for both required ana alternative co-ordinates.

2. The given points for every question group were equally spaced at

intervals of 2.0 (Horizontal) units.

3. The values listed above for Interpolation Distance refer to the

relevant number of Horizontal units.

TESTS

(1) Co-ordinate Divisions

Horizontal/Vertical (Direction) = 1/2

Integral/Decimal (Number) = 1/6
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Positive/Negative (Sign) = 1/7

Positive/Zero (Sign) = 1/8

(2) Slope

Positive/Negative = 1/3

Positive/0 (Horizontal) = 1/4

Positive/co (Vertical) = 5/2*

(3) Interpolation Distance

Short (2 units) /Long (4 units) = 1/9.

* This comparison is analogous to 1/4 with the Horizontal and Vertical

axes reversed.

73
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ThBLE 4/4

Subdivisional Skills for Element 2/1(B)

62

QUESTION

GROUP
Required

Co-ordinate

SUBDIVISIONS
Alternative

Co-ordinate
Slope

Extrapolation

Distance

1 V/I/+ H/I/+ +1 2

2 H/I/+ V/I/+ +1 2

3 V/I/+ H/I/+ -1 2

4 V/I/+ H/I/+ 0
V-

2

5 H/I/+ V/I/+ 1/0 2

6 V/I/+ H/I/+ +1 2

7 V/D /+ 11/I/+ +1 2

8 ° V/I/- H /I /-4-- +1 2

9 V/I/0 H/I/+ +1 2

10 V/I/+ H /I /+ +1 2

11 V/I/+ H/I/+ +1 6

NOTES

1. The conditions for direction, number and sign are listed

respectively for both required and alternative co-ordinates.

2. The direction of extrapolation is negative (Right to Left) for

question group 6, but positive in all other cases.

3. Question group 10 involves extrapolation beyond a row of points

(equally spaced at intervals of 2.0 Horizontal units), while the

other groups all involve line segments.

4. The values listed above for Extrapolation Distance refer to the

relevant number of Horizontal units.
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TESTS

Co-ordinate Divisions

63

(1)

Horizontal/Vertical (Direction) =, 1/2

Integral/Decimal (Number) = 1/7

Positive/Negative (Sign) = 1/8

Positive/Zero (Sign) = 1/9

(2) Slope

Positive/Negative = 1/3

Positive/0 (Horizontal) = 1/4

Positive/co (Vertical) = 2/5*

(3) Extrapolation Distance

Short (2 units)/Long (6 units) = 1/11

(4) Direction of Extrapolation

Positive/Negative = 1/6

(5) Line Segment/Points = 1/10

* This comparison is analogous to 1/4 with the Horizontal and Vertical

axes reversed.
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TABLE 4/5

Subdivisional Skills for Element 3/1

QUESTION

GROUP Required ,

Co-ordinate

SUBDIVISIONS

Alternative

Co-ordinate

Turning

Point

1 V/I/+ H/I/+ Maximum

2 V/I/+ H/I/+ Minimum

3 H/I/+ V/I/+ Maximum

4 H/I/+ V/I/+ Maximum

5 V/D/+ H/I/+ Maximum

6 V/I/- H/I/+ Maximum

7 V/I/0 H/I/+ Maximum

NOTES

1. Question group 4 requires the calculation of Horizontal position

corresponding to a maximum Vertical value, while question group

3 involves the calculation of a maximum Horizontal value.

2. Although the alternative co-ordinates are all positive integers,

the actual numerical values are not the same.

TESTS

(1) Co-ordinate Divisions

Horizontal/Vertical (Direction) = 1/3

Integral/Decimal (Number) = 1/5

Positive/Negative (Sign) = 1/6

Positive/Zero (Sign) = 1/7
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(2) Turning Point

Maximum/Minithum = 1/2

(3) Required Position

Turning Point/Alternative Co-ordinate = 1/4

65
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TABLE 4/6

Subdivisional Skills for Element 3/2

QUESTION GROUP Turning Point

1 Maximum

2 Minimum

NOTES

1. Each question involved selection from seven examples in order

to reduce the guessing error to less than one per cent. (The

probability of guessing the correct result is 1/2 for each

given curve, and therefore (12)7 overall).

2. Inflexional curves (having no maximum.br minimum turning point)

were also used in these examples.

TEST

Turning Point

Maximum/Minimum = 1/2

A8

66



TABLE 4/7

4.7

Subdivisional Skills for Element 4/1

6/

QUESTION SUBDIVISIONS (Required Co-ordinates) Alternative

GROUP Direction Number Sign Displacement Co-ordinates

,

1 H 'I + I/+ V/I/+

21Ci_ _ __ __-11--- I + I/+ V/I/+

3 (C) ' H I + IV+ V/I/+

4 V 1/+ H/I/+

5 H D + D/+ V/I/+

6' H I - I/- V/I/+

.7 H I + I/- V/I/+

8 H I 0/+ I/+ V/I/+

NOTES

1. Question groups 2 and 3 represent analogous constructional skills,

with the smaller and larger values respectively provided, and have

the same subdivisional conditions as those for the interpretative

ability represented by question group 1.

2. If Horizontal and Vertical directions represent independent

subdivisions, and if constructional skills are different from

those of interpretation, then a difference between question groups

2-and 3 might only reflect the independence of Horizontal and

Vertical displacement calculations, rather than the postulated

constructional subdivisions. Thus both co-ordinate points are

given the same vertical position in each of these question groups.

ti
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3. The values given in question group 5 were selected to avoid complex

"carryover" calculations, since this subdivisional skill is

concerned with direct interpretative,rather than computational
1

ability.

'4. The fractional difference between points in question group 5 was

always set greater than 0.2, since this value corresponded to

the total limit of tolerance,in associated reading errors.

5. The calculation of a zero,displacement value was. considered a

trivial case, and therefore not included in.this analysis.

TESTS

(1) Co-ordinate Dillisions

Horizontal/Vertical (Direction) = 1/4

Integral/Decimal (Number) = 1/5

Positive/Negative (Sign) = 1/6

Positive/Zero (Sign) = 1/9

(2) Displacement

Positive/Negative = 1/7

(3) Iiterpretation /Construction = 1/2

1/3

(4) Constructional Subdivisions = 2/3
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Subdivisional Skills for Element 4/2
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QUESTION SUBDIVISIONS (Positon and Displac-eTnt)

' GROUP Direction .Number Sign Displacement

1 H I + I1+

2 (C) H I + I/+

3 (C) H I + I/1-,

4 V I + I/+

5 H D +' D/+

6 H I - I/+

7 I H I + I/-

8 H I '0/+ I/+

NOTES

See Notes 1, 3, 4 and 5 for Element 4/1.

TESTS

1

(1) Positional Divisions

Horizontal/Vertical (Direction)

Integral/Decimal (Number)

Positive/Negative (Sign)

Positive/Zero (Sign)

=

=

=

=

1/4

1/5

1/6

1/8 0\
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(2) Displacement

I
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Positive/Negative = 1/7

. ,
, c=7

(3) Interpretation/Construction = 1/2

7"\., 1/3
.-

4,
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-.(4) tonstructiona Subdivisions = 2/3

F

J

.,

4

i.

O,

82

ss

)

\

.m1



'I- ABLE 4/9

Subdivisional Skills for Element 4/3

QUESTION

GROUP Number

SUBDIVISIONS

Sign Result

1 I + 17+

2 I + I/+

3 I + 17+

4 D + D/+

5 I - I/+

6 I + I/-

7 I 0/+ I/+

NOTES

1. Question groups 1 and 5 reflect a difference in operational

variables with the same internal relationship (B<A, so that

A B = I/+).

2. Question groups 1 and 6 reflect a difference in relationship

(A B = I/-) between similar operational variables (A and B both

I/+).

3. Question groups 1, 2 and 3 represent differences in preS'entation

format of subtraction calculations, corresponding to the type of

interpretative or constructional skill represented by analogous

question groups in elements 4/1 and 4/2.



(1) Given Values

Integral/Decimal (Number) = 1/4

Positive/Negative (Sign) = 1/5

Positive/Zero (Sign) = 1/7

84

72



73

TABLE 4/10

Subdivisional Skills for Element 5/2(A)

QUESTION

GROUP Horizontal

Displacement

SUBDIVISIONS

Vertical

Displacement

Gradient

1 I/+ I/+ I/+ (>1)
1

2 I/+ I/+ D/+(>1)

3. D/+ D/+ D/+(>1)

4 I/+ I/+ D/+(<1)

5 I/- I/- I/+ (>1)

6 I/+
.

I/- I/-(<1)

7 I/+ 0 0

8 C I/+ 07

1 All line segments were drawn in the first quadrant, with both

end points positive, but .the displacment Calculations could be

either positive or negative as shown above.

2. The conditions for number and sign are presented respectively for

both Horizontal and Vertical displacement subdivisions.

3. Question group comparisons 1/2 and 1/4 represent different

relationships between similar operational variables, while

ccmpalisons 1/5 and 2/3 represent similar relationships between

different operational variables.
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TESTS'

(1) Displacement pi.yisions (Same category for Gradient)

Integral/Decimal (Number) = 2/3

Positive/Negative (Sign) = 1/5

(2) Gradient

Integral/Decimal (Number) = 1/2, 1/3, 1/4

Positive/Negative (Sign) = 1/6

Positive/Zero = 1/7*

Positive/Infinite =: 1/8*

Zero/Infinite = 7/8*

* These tests are included as special cases.
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TABLE 4/11

Subdivtsional Skills for Element 5/3(A)

GROUP

SUBDIVISIONS

Horizontal Vertical

Displacement Displacement

Gradient

1 I/+ 1/+ I/+(>1)

2 I/+ I/+ D/+(>1)

3 D/+ D/+ D/+(>1)

4 I/+ I/+ D/+(<1)

5 I/- I/- I/+(>1)

6 I/i- I/ I/-(<1)

7 I/+ 0 0

8 0 I/+ CO

NOTES

1. See Notes 2 and 3 for Element 5/2(A).

2. The line for each of the questions above was drawn in the first

(upper Right Hand Side) quadrant on unmarked orthogonal axes.

TESTS

(1) Displacement Divisions (Same category for Gradient)

Integral/Decimal (Number) = 2/3

Positive/Negative (Sign) = 1/5



(2) Gradient

Integral/Decimal

Positive/Negative

Positive/Zero

Positive/Infinite

Zero/Infinite

(Number)

(Sign)

=

=

=

=

=

1/2,

1/6

1/7*

1/8*

7/8*

1/3, 1/4

W These tests are included as special cases.

a

a
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TABLE 4/12

Suhdivisional Skills for Element 5/4(A)

QUESTION SUBDIVISIONS

GROUP Denominator Numerator Quikient

1 I/+ I/+

2 I1+ IJ+ D/+(>1)

3 D/+ D/+ D/+(>1)

4 I/+ I1+ D/+(<1)

5 I/- I/+(>1)

6 I/+ I/-

7 I/+ 0 0

8 0 I/+ CO

NOTES

1. The conditions

both Numerator

2. See Note 3 for

TESTS

77

for number and sign are presented respectively for

and Denominator.

Element 5/2(A).

(1) Divisions of Variables (Same category for Quotient)

Integral /Decimal (Num4er) -.= 2/3

Positive/Negative (Sign) 1/5

O

IfEr.JF



(2) Quotient

Integral/Decimal

Positive/Negative

Positive/Zero

Positive/Infinite

Zero/Infinite

(NUmber

(Sign)

=

=

=

=

=

1/2,

1/6

1/7*

1/8*

7/8*.

1/3, 1/4

* These tests are included as special cases.

90
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TABLE 4/13

Subdivisional Skills for Element 5/2(B)

SUBDIVISIONS

Specified Alternative Slope of

Co-ordinate Co-ordinate Tangent

0

co

1. The conditions for direction, number and sign are presented

respectively for both specified and alternative co-ordinates.

2. The specified (Horizontal) co-ordinates for question groups

6-9 are th same as those for respective questions (a) and (b)

in group 1.

3. Question group 9 refers to a concave curve (bending upward at

the ends away from the Horizontal axis), while those for the

other question groups are all convex.

79

4. The co-ordinate subdivisions outlined above are analoaous to those

for Element 1/1.

a



TESTS

(1) Co-ordinate Divisions

Horizontal/Vertical (Direction) = 1/5

Integral/Decimal (Number) = 1/4

Positive/Negative (Sign) = '1/2

Positive/Zero = .1/3

(2) Slope of Tangent

Positive/Negative = 1/6

Positive/0 (Horizontal) = 1/7

Positive/co (Vertical) = 1/8

(3) Type of Curve

Convex/Cpncave = 1/9

a

92
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TABLE 4/14

Subdivisional Skills for Element 5/3(B)

QUESTION SUEDIVISIONS

GROUP Slope of Tangent Type of Curve

1 + 0 Convex

2 - Convex

3 . 0 Convex

4 co Convex

5 + Concave

NOTES

81

1. The curve for each of the questions above was drawn in the first

(Upper Right Hand Side) quadrant on unmarked orthogonal axes.

2. Question group 4 involves a Right Hand Turning Point and Vertical

Tangent.

TESTS

(1) Slope of Tangent

Positive/Negative = 1/2

Positive /0 (Horizontal) = 1/3

Positive/co (Vertical) = 1/4

(2) Type of Curve

Convex/Concave = 1/5

93
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TABLE 4/15

Subdivisional Skills for Element 6/2

QUESTION

GROUP Horizontal

Co-ordinates

SUBDIVISIONS

Horizontal

Scale Units

Vertical

Scale Units

'1

2

I/+

I/+

I/+

a '1 I/+

I/+(>1)

/I/+(>1)

3 0/+ I/+ I/+(>1)

4 I/+,-. I/+ I/+(>1)

5 0,11+ I/+ / I/+(>1)

6 I/+ D/+(>1) D/+(>1)

7 I/+ I/+=1.0 ii+tny--

8 ii+ D/+(<1) I/+>1)

NOTES

1. The conditions for number and sign_are presented respectively

for both co-ordinates and scalt. units.

2. All line segments (except for question groups 4 and 5) were drawn

in the first quadrant, with both end-points positive.

3. Both Horizontal end-point co-ordinates are defined in the same

category within a particular question group, except for groups 4

and 5.KThe Vertical end-point co-ordinates are defined in the

same category for every question group.

4. The Horizontal and Vertical scale units, although generally defined.

in the same category, do not have equal numerical values.

5. 9uestion group 2 involves the calculation of area, beneath a curve,

while the others all refer to straight line segm4nts.

94
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6. Question group 3 involves compound skills of decimal

multiplication (c /.f question groups 2 and 4 in Element 6/3(B))

in order to account for fractional areas at each end of the

given line segment.

Question group 4 is likely to be more difficult than others

because of the complex calculation involving both positive and

negative areas.

TESTS

(1) Co-ordinate Divisions (Horizontal end-points)

Integral/Decimal (Number)

Positive/Negative (Sign)

Positive/Zero

(2) Scale Unit Divisions

Integral ecimal

Integral (H and V)/H=1

Integral (H and V)/H<1

(3) Type of Line Segment

Straight Line/Curve =. 1/2
a

* These tests are included as special cases. The Vertical scale

units are in each case positive integral numbers.



TABLE 4:/16

Cubdivisional Skills for Element 6/3(A)

QUESTION- Line

GROUP

1

2

Straight

Curved

NOTES

A

ri

84

1. Seven examples A.ire presented for each gdestion, so that the

resull6nt guessing error was less than one per cent (see Note 1

for.Element 3/2).
1

2. A sqpiare format was used in each case, corresponding to (but

larger than)'the basic unit shown in- the standard two-dimensional

grid.

TEr:T

Division Line
.....__

Strai4t/Curveff = 1/2.

l'i

4

0

1

J
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TABLE 4/17

Sebdivisional Skills for Element 6/3(B)

QUESTION SUBDIVISIONS

GROUP Length Height

1 I/+(>1) I/+(>1)

2 D/+(>1) D/+(>1)

3 I/+=1.0 I/+(>1)

4 ' D/+(<1) I/+(>1)

NOTES

1. The conditions for Number and Sign are presented respectively

for both length and height.

2. Although sometimes defined in the same category,'the dimensions

of length and; height for a particular calculation do not have

the same numerical value.

3. Negative number calculations are not included as potential

subdivisions of this element, although one is involved as a

co-ordinate subdivision in Element 6/2 (Question group 4).

TESTS

Dimensional Divisions

Integral/Decimal = 1/2

Integral (L and H)/H=1 = 1/3*

Integral (L and H)/H<1 = 1/4*

* These tests are included as special cases. The values for Length

are in each case positive integral numbers.

97
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TABLE 4/18,

Subdivisional Skills forElement:,6/4(B)

QUESTION

GROUP

SUBDIVISIONS

First Number

AW (A)

Second Number

(B)

1 I/+(>1) I/+(>1)

2 D/+(>1) D/+(>1)

3 I/+=1.0 I/+(>1)

4 D/+(<1) I/+(>1)

NOTES

1. The conditions for number and sign are presented respectively

for both numerical variables.

2. Negative number calculations are not included as potential `

subdivisions of this element.

3. Although sometimes defined in the same category, the first and

second numbers for a particular calculation do not have the same

value.

TESTS

Numerical Divisions

Integral/Decimal = 1/2

Integral (A and E)/A=1 = 1/3*

Integral (A and B)/A<1 = 1/4*

* These tests are included as special cases. See also the corresponding

Dimensional divisions for Element 6/3(B) and Scale Unit divisions

for El(wnt 6/2.

GP
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2. The Analysis of Subdivisional Skills

(A) General Considerations

Ideally the analysis of subdivisional skills should involve

the same type of integrated instructional and testing programme as

that recommended by various authorities (Gagne & Paradise 1961,

Gagne & Bassler 1963, White 1971) for the validation of learning

hierarchies. Such a procedure would probably involve the teaching

of a particular skill within the constraints of a single subdivisional

area, followed

areas in order

transfer. In

by testing in each of the postulated subdivisional

to determine the actual limits of immediate lateral

practice, however, this method may require extensive

preparations and preliminary trials to develop and evaluate the

appropriate instructional materials, and hence may prove, in terms

of overall significance, an unrealistic proposition. More practical,

if somewhat weaker alternative procedures must thetefote,be considered.

The method used by White (1971) for the analysis of subdivisional

skills involves no teaching ot-instructional programme, and depends

instead on more or less long-term recall from previous curricular

experience. The lack of a suitable instructional programme

introduces an obvious methodological weakness, but probably not as

critical in this case as in the validation of hierarchical learning

sequences, since the analysis of subdivisional skills is concerned

with lateral, rather than vertical or sequential transfer, and thus

does not involve the simultaneous recall of recently acquired

99
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prerequisite or subordinate skills. It followS, then, that if the

subsequent statistical analysis provides a reliable indication of

subdivisional differepce, the simplified method Proposed.byl,White

(1971) affords a logically valid and more practical alternative than

the tedious instructional procedure outlined above. Because of the

large number of postulated subdivisional skills outlined in the

previous section, the simplified analytical technique, which obviates

the necessity for the development of instructional programmes, was

selected as the most appropriate model for this research.

(B) The Preliminary Test

It is impossible, for obvious logical reasons, to determine

subdivisional differences if every subject fails, or if everyone

passes the relevant criterion test, and in fact it is suggested by

White (1971/p.37) that the level of item difficulty should be

maintained within the limits of 0.2 and 0.8 for effective

discrimination. Thus in order to determine the most appropriate

level for testing each basic intellectual ability and relevant set of

subdivisional skills, a preliminary test was prepared comprising a

single question (or two in the case of alternative constructional

skills) ErOm each of thebasic graphical interpretation skills. This

test was then administered to one class at each of three alfernate

a

academic levels in a single Melbourne metropolitan high schoolfk The

questions selected for this preliminary test were considered to

represent an intermediate level of difficulty between the simplest

and most complex or difficult of the various subdivisional areas for



each of the fundamental skills. The descriptipn and results of

89

this preliminary test, together with explanatory notes, are presented

in Table 4/19.

(q), Administration of the'Major Subdivisional Analysis

On the basis of results from the preliminary test, suitable

levels were selected for the subdivisiona], analysis of each fundamental

interpretative skill. Thus
1%

the eighteen groups of subdivisional

skills included in this analysis were distributed over four different
0

high school grades or academic levels. A list of the relevant

subdivisional groups presented at each level is shown in Table 4/20.

The testing population selected for the analysis of subdivisional

s ills involved a random choice of four metropolitan co-educational

high schools in Melbourne. "A single class at each of the four

testing levels was selected from every participating school, so that

the total testing population at each level invollied 4east one

N-4
hundred students. This number corresponds to the minimal requirement

o

recommended for the test of hierarchical dependence developed by

White and Clark (1973), and since the test for subdivisional difference

(outlined in Appendix I) was developed from the same basic type of

statistical model, an equivalent sample size was considered appropriate

for this aspect of the present research.

The practical procedure for subdivisional analysis involved the

preparation of a separate book of questions to test each basic skill,

in order to allow some flexibility in timing and arrangement for

classes with the longer or larger numbers of tests. No particular

/
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TABLE 4/19

Results of the Preliminary Test for Subdivisional Analysis

(Westall liigh School)

,

QUESTION

NUMBER Form I

DaFicuity LEVEL

Form III Form V

1/1 - 5(a) 0.94 0.38 0.23

1/1 - 5(b)* 4, 0.97 0.48 0.14

1/2 5(a)% 0:83 0.08 0.00

1/2 - 5(b)* 0.73 0.03 0.00

2/1(B) - 7(a) 1.00 0.78 0.59

3/1 - 5(a) 1.00 0.50 0.09

3/2 - 1(a) 0.94 1.00 0.27

4/1 - 4(a) 0.97 0.48 0.36

4/2 - IL(a) 0.92 0.28 0.23

4/3 - 2(a) 0.11 0.08 1 0.05

5/2(A) - 3(a) 1.00 0.98 0.45

5/3(A) - 3(a) 1.00 0.98 0.68

5/4(A) - 3(a)
.

0.97 0.35 0.50

5/2(B) - 4(a) 1.00_ 0.90 0.36

5/3(B) 1(a) 1.00 0.93 0.32

6/2 - 3(a)- 1.00 0.88 0.77

6y3 (A) - 1(a) y O. 0.43 0.18

6/3(B) - 2(a) 0.86 0.25 0.45

6/4(B) - 2(a) 0.86 .. 0.20 0.41

Number of "...

: - 35 40 22
Students

i

1 PP41 ...



NOTES (Table 4/19)
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(1) The questions listed above are classified by the same numerical

and alphabetical code as that used previously for the definition

of basic skills and subdivisional groupd. Each of these

questions is presented with'its appropriate, group in Volume II.
o

(2) The form I class in ihis'preliminary test was An ungraded group

of students. The forth III group was graded by the school

administration as average or slightly above'on general acadeMic

ability, and the form V class (Biology group) was selected on

the basis of subject preference. All groups contained both'

male and female students.

(3) Ample time was given (30-40 minutes) for every student to

complete the test.

(4) Questions marked with an asterisk (*) were presented as

constructional, rather than interpretative tasks,

3
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TABLE 4/20

Distribution of Subdivisional Testing Groups

LEVEL INTERPRETATIVE AREA

(Form) o 1 2 3 4 5 _ 6

1 4/3 , 6/3(A),1/2
.

2 1/1 4/2 5/4(A) 6/4(B)

3 2/1(A0 3/2 4/1 5/3(B)

2/1(B) 3/1 5/2(B)

4 5/3(A) 6/2

5/2(A)
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limit was set for the total testing time, and' in practice it was

found that almost every student fin'shed comfortably within a

calculated rate of one question per minute. In addition, no 'class

was involved in testing for more than one full period 140-50 minutes)

at a time, Fid alternative periods were used when the total requirement

exceeded this limit.

The questions within each boa were arranged rn.a different

random sequence-Tor every individual, in order to determine the effect,

if any, of initial testing practice on subsequent performance. A

simillar study was made by White (1971), who found no significant

practice effect, but it was nevertheless thought desirable to,

substantiate this result within the somewhat different context of the

present research, roject. The results of this analysis are presented

in Section 3.

Perhaps the most important aspect of subdivisional analysis

concerns the choice of an appropriate statistical technique. The

I

only precedent, used by White (1971), involves a fundamentally

intuitive decision, substantiated with a complex statistical test

(Lord 1957). This test, however, is inappropriate for dichotomous

data (White 1971/p.46, also F.M. Lord - personal communication 1971);

and therefore strictly inapplicable to this meth& of subdivisional

analysis.

.

An alternative test, which accounts for errors of measurement

and is therefore appropriate for dichotomous data, was developed for

this project in association with Dr. R.T. White (Faculty of Education, ,

1 C5



Monash Upiversity) rand was based on the'model developed earlier
A: 4

byWhite and Clark (1973, see also White 1971) for the analysis of

hierarchical'dependence: This test of subdivisional differegce,
°/

outlined in Appendt I (Volume I),.involveS the calculation of

.*probability associated with the occurrence by chance, or thrdugh

94.

errOrs lir-Measurement, df.an observed or-specified number of exgeptiOns

to any pair of supposedly similar subdivieional skills. If&his

probability is less than a certain (arbitrary) critical level, then

the question groups beingcdmpared are considered to represent

different subdivision). The critical level selected for

the overall analysis was 0.10,so that the chance of a type I error

(false declaration of independent.sutdivisional skills) in any

particular comparison -or test .is given by = 1 -
N
COTRT where N is

the total number-of independent tests. Thus for the 112 illbdivisional

tests involved in this analysis, the critical level for each is given

by a =0.0010.

(D) Results bfiSubdiviljsional Analysis

A comprehensive list of results for the analysis of subdivisional

skills is presented in Tables 4/21-4/48. This list contains a

descriptive classific4tion of each question group comparison, together

with the relevant toprohibility level and appropriate conclusion. 0

. 4.

Because of occasional student ertors of omission in the testing bdbks,

some c< thoNe"had to be discarded, so that the total number of students

rt.prt.:a.hlf.d analysis was not constant. over any particular

lea
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. ,
if.

.

sampling level, but was the same for each postulated subdivision
;

within a. particular basic skill.

(E) Discussion of Results and General Observations. o

' Several of the postulated subdivisional classification groups

are relevant to a more,or less general range of graphical

interpretation areas, and are .therefore represented by analoV gouS
'"

question groups in dany of the basic interpretative skills. The

empirical results derived from these analogous question groups are

in most cases quite. consistent, and generally subst0 aritiate the

independence of the postulated subdivisional skills. Thete results,

'which are discussed in further detail below, suggest that the initially

postulated network of basic intellectual skills may in.fact represent

a cOnsideiably more Complex pattern of parallel hierarchical relation-
,

ships between analogous but independent subdivisions of the relevant

basic skills.

.The independence of interpretative and constructional
'

subdivisionsis obvious from the relevant results for Elements 1/2

(Table 4/220)) and1/1'(Table 4/21(A)),, which are concerned

respectively with positional and co-ordinate location, but the difference

is less clearly defined in the case of linear and co-ordinate

1

displacement calculations, represented respectively by Elements 4/2

and 4/1. In this case it seems that the differencebetween

.., ...,

interpretative and.constructional skills, indicated in Tables 4/29(D)
1 '

. ,
. -

and 4/30(A) forElem,at 4/1, and in Tables 4/31(D) and 4/32(A) for

1117
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....Ns-EIla.nCt4/2',nay depend on the type of informational or presentation

format associated with the constructional skill., although comparative

.
.

information from certain constiuctional subdivisions (see Table

4/32(B) for Element 4/2 and Table 4/30(B) for Element 4/1) strongly

suggests that in these cases the presentation format is irrelevant.

. A conservative decision based on these results would be that inter-
,

pretative and constructional aspects of graphical interpretation are

represented'by independent subdivisional skills: at least within the

areas examined above; and should therefore be separately defined

for the purpose of hieraichical validation.''

The respective levels of difficulty for interpretative and

constructional skills do not reflect the differences suggested by the

subdivisional analysis, and in fact appear'to involve no consistent

relationship at all. Many students who were able to plot correct

co-ordinate positions'in Element 1/1 were unable to ree. the required

valueF for analogous given points, although the same effect was not

evident for linear point location tElement 1/2),, acid if anything tilt

opposite was true in the case of displacement calculation skills

(Elements 4/1 and 4/2). ThiS emphasises the practical risk involved

in using an index of difficulty as a measure of subdivisional difference.

The interpretative difference between Horizontal and Vertical

direction (or axis orientation) is substantiated in a range of

subdivisional comparisons associated with various skills involving

both linear position (Elements 1/2 and 4/2) and two-dimensional

co-ordinate location (Elements 1/1, 2/1(A), 2/1(B), 3/1, 4/1 and 5/2(B)).

1 c8
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An examination of predominant errors suggests that this difference

is not a reflection of any common systematic misunderstanding or

misinterpretation of instructions, since the most prevalent'sources

of error, which include both random interchange and consistent

confusion. of Horizontal with Vertical directions, and the provision

of compound answers involving both co-ordinates, should not

contribute to the number of exceptions observed in the 0/2 and 2/0

cells of the relevant correlation tables. Thus interpretative

questions involving Horizontal and Verical position can safely be

considered to involve independent subdivisional skills.

The comparison of subdivisional skillinvolving integral and

decimal numbers also reve*ls a relatively consistent pattern of

independence with respect to both linear position (Elements 1/2 and

4/2) and two-dimensional co-ordinate location (Elements 2/1(A), 2 /1(B),

3/1 and 5/2(B)), although in two cases (Elements 1/1 and 4/1) the

difference is doubtful. This result could well be due to the

popular practice of 'rounding off' fractional positions to the nearest

integral number: Although not always done consistently (for example

see results for subdivisional group 7 in Element 2/1(B)), this was

perhaps the most common source of systematic error. Irrespective

of the likely cause, however, the interpretative skills cbncerned

with integral and fractional positions do not involve immediate mutual

transfer, and must therefore be assumed to involve independent

subdivisional abilities.-

The independence of integral and decimal subdivisions is also

1119
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shown ip the analytical results for almost every computational skill.

With respect to operational variables, the difference between integral

and decimal calculations is firmly established fo: subtraction

(Element 4/3), division (Element 5/4(A))and multiplication (Element

6/4(B)). ?Or alternative subdivisions efined in terms of

computational result, the integral/decimal difference is also generally
0

substantiated for calculations of quotient (Element 5/4(A)), difference

(Element 4/3) and area (Elements 6/2 and 6/3(B)), although the

results for gradient (Elements 5/2(A) and 5/3(A)) are inconsistent,

and those for displacement (Elements 4/1 and 4/2) inconclusive.

Calculations of positive and negative values associated with

linear position (Elements 1/2 and 4/2) are considered, on the basis

of this analysis, to involve different subdivisional skills, and

with a single possible exception (Element 5/2(B)), the same

conclusion is indicated for analogous subdivisiOnal skills of plane

co-ordinate location (Elements 1/1, 2/1/(A),.2/1(B), 3/1, 4/1 and

6/2). Moreover the interpretation of a zero position, included as

a special case, appears in many instances to involve an additional

independent subdivision, although for some Elements (2/1(B), 4/1,

4/2 and 6/2) this conclusion is doubtful.

Computational questions concerned with positive and negative

numbers are also shown'in this analysis to involve independent

subdivisional skills for both subtraction (Element 4/3) and division

(Element 5/4(A)). Alternative skills'defined in terms of

computational result are similarly substantiated as independent

no-
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subdivisions for each of the basic skills involving gradient

(Elements..5/2(A) and 5/3(A)) and quotient (Element 5/4(A)),

difference (Element 4/3) and displaceMent (Elements 4/1 and 4/2).

Again the special cases involving results of zero, and for quotient

and gradient infinity, must all be considered to involve independent

subdivisional skills._ Subdivisions involving zero or negative

numbers were not defined for skills concerned with multiplication

or the calculation of area, since these have no general practical

value in graphical interpretation. I,ikewise'a zero result for

difference or displacement was considered a trivial case, and

therefore not included in this analysis.

In addition to the general characteristics examined above,

most of the basic interpretative skills incorporate a number of more

specific postulated subdivisions. Although separately defined for

individual skills, these specific subdivisional characteristics may

also refer in a broader sense to other basic skills associated with

the same area of graphical interpretation, and are therefore

discussed below within the appropriate context of interpretative

area.

According to the results of this analysis, differences in distance

of interpolation (Element 2/1(A)) or extrapolation (Element 2/1(B))

do not involve corresponding differences in the relevant

subdivisional skills. Changes in direction of extrapolation are

also covered by the same subdivisional skill (Table 4/26(C)),

and the nature of given information, whether line segment or row of

points, similarly appears to be irrelevant as a practical
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subdivisional criterion for extrapolation skills (Table 4/27(C)).

In contrast with these results, however, differen4es in slope of

the given line segment (Element 2/1(B)) or row of points (Element'

2/1(A)) appear to involve different subdivisional skills of

extrapolation and interpolation respectively for both positive and

negative categories, in addition to the special cases of zero and

infinite (vertical) gradient.

The difference between interpolation and extrapolation skills,

represented respectively by Elements 2/1(A) and 2/1(B) in the

postulated learning hierarchy, was confirmed by empirical analysis

(Table 4/48(D)) under similar subdivisional conditions for both of

these basic skills. The testing population (form 3) was also the

same for both abilities, although the, relevant groups of questions

were presented at different times.

The importance of the nature of turning point as a criterion

for subdiOsional classification is not clear from this analysis.

The postulated subdivisional skills concerned with the calculation

of maximum and minimum values (Element 3/1) are clearly independent

(Table 4/28(A)), but the analogous question groups involving the

*a.

recognition of appropriate turning points (Element 3/2) apparently

represent the same subdivisional skill (Table 4/29(C)). "t seems,

however, from an examination of predominant errors; that the instructions

to these questions were often poorly understood, and the resultant

difficulty levels are probably too high for effective discrimination

between the postulated subdivisional skills.
O

12,
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The calculation of gradient at any point on a curve involves the

constructi4 of a tangent to the curve at the specified point of

ontact. The construction of tangents with positive and negative

slope both appear to involve the same subdivisional skill (Elements

5/2(B) and 5/3(B)), although the special cases of zero and infinite

(vertical) slope may well be independent of the positive/negative

subdivision. The nature of the curve (convex or concave) may also

be an important subdivisional criterion, although results for the

relevant test in Element 5/2(B) are inconsistent with those for the

postulated subordinate skill (Element-5/3(B)).

The postulated subdivisional skills involving the estimation

(Element 6/3(A)) and calculation of area (Element 6/2) are probably

the same for both straight line segments and curves. Since no

instructions were given for calculating area, a number of different

methods were used, many of them inappropriate, and often inconsistently ,

applied. Predominant errors in the calculation of simple

rectangular area (Element 6/3(B)) involved various multiples of the

perimeter and combinations of squared dimensions, while those for the

graphical model (Element 6/2) included the gradient (for straight

line segments) and various combinations of end-point co-ordinate

dimensions. The specified scale units were also frequently ignored.

The analysis outlined above, and resultant confirmation of a

range of independent subdivisions within each of the basic graphical

interpretation skills,has important implications for the subsequent

validation of postulated hierarchical relationships. .Apart from

norniloting :;opor,t1c. instructions for directiondl subdivisions, and

113



102

the reorganisation. of certain interpretative and constructional

NkilIN, furtiwr Gonstraintsmust also be apPlied on the use of

numerfea range and sign, with respect to both variables (or

co-ordiriates) and specific computational results, in order to

maintain the validation study within realistic limits. These

modifications and constraints are discussed in Chapter V.
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TABLES 4/21-4/48

Results of Subdivisional Analysis

PRELIMINARY NOTES

(1) The following results are presented in correlation matrix form,

with the number of questions correct for each specified

subdivisional group listed on the top and left hand side of

the relevant table. The numbers of students corresponding

to the various correlational groups are presented within the

table, and the,appropriate marginal totals at the outer edge

(listed T). The number in the lower right hand corner of

each table represents the total population sample for the

particular test.

(2) The Element number code and classification for comparative tests

have already been outlined in Tables 4/1-4/18.

(3) P indicates the combined probability that the observed number

of students in the 0/2 and 2/0 cells in each table 'could have

occurred through errors cf measurement, assuming (under the null

hypothesis) that both question groups represent the same

subdivisional skill. Where no students are recorded in the 0/2

or 2/0 cell, the relevant individual probability of occurrence

is equal to 1.0, although in some cases the number in the

opposite exceptional cell is alone sufficiently high to reduce

the combined probability below the critical level or specified

point of significance.

1
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TABLE 4/21 104

GROUP 2

(A) ,

2

GROUP
1

0

T.

0 1 2 T

4 1 47 52
an-

4 1 8 13

15 7 18 40^

23 9 73 105

ELEMENT 1/1

(B)

GROUP

1

2

1

0

T

ELEMENT 1/1

GROUP 3

0 1 2 'T

2 1 49 52

7 4 2 13

3 3 3 40

43 8 54 105

TEST Interpretation/Construction TEST +/- (Co-ordinates)

p = o.0000

CONCLUSION ,Question groups

1 and 2 represent different

'subdivisional skills.

GROUP 4

(C)
0 1 2 T

2 7 41 52

GROUP
1 7 1 4 13

0 38 1 1 40

T SO 9 46 105

ELEMENT 1/1

TEST +/0 (Co- ordinates)

P = 0.0006

CONCLUSION Question groups

1 and 4 represent different

subdivisional skills.

p = 0.0001

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

.GROUP
1

1

0

T

ELEMENT

GROUP 5

0 1 2 T

8 14 30 52

6 3 4 13

35 4 40

49

1/1

21 35 105

TEST I/D (Co-ordinates)

P = 0.0013

CONCLUSION Question groups

1 and 5 may represent the same

subdivisional skill.
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(A)

2

GROUP

1
1

0

T

ELEMENT

TEST H/V (Co-ordinates)

p = 0.0000

CONCLUSION Question groups

1 and 6 represent different

subd,ivisional skills.

TABLE 4/22

O

GROUP 6

0 1 2 T . (B)

GROUP

0

2

1 2 T

6 6 40 52 2 6 3 74 83

GROUP
7 4 2 13 1

-
2 1 0 7 9

22 7 11 40 0 7 2 5 14

35 17 53 105 15 I 5 86 106

1/1 ELEMENT 1/2

(C)

. 2

GROUP
1

1

0

GROUP 3

0 1 2

13 12 58 83

4 3 2 9

10 2 2 14

T 27 17 62 106

ELEMENT 1/2

TEST +/- (Position)

P = 0.0000

CONCLUSION Question groups CONCLUSION Question groups

represent different 1 and 4 represent different

si1Y ivisional skills. subdivisional skills.

105

TEST Interpretation/Construction

P = 0.0000

CONCLUSION Question groups

- 1 and 2 representdifferent

subdivisional skills.

(D)

GROUP

1

2

1

0

T

ELEMENT

GROUP 4

0 1 2

3 2 78 83

1 0 8 9

6 1 7 14

10

1/2

3 93 106

TEST +/0 (Position)

P = 0.0000

N



( A )

GROUP 5

0 1

TABLE 4/23

2 T (D)

,2

GROUP
1

1

0 13

T ,44

26

5

10

1

1

12

47 83
,..

3 9'

0 14

50

GROUP

1

106

ELEMENT 1/2

TEST I/D (Position)

P = 0.0000

CONCLUSION Question groups

1 and 5 represent different

subdivisional skills.

GROUP 2

2

GROUP
1

1

0

(C)
0 1 2

3

3

26

7 59

3 2

2

T 32 12 63

ELEMENT 2/1(A)

T

69

8

30

107

TEST H/V .(Co-ordinates)

P = 0.0001

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

2

1

0

T

GROUP 6
. -

0 1 2 1-

2

2

5

5

3

4

76

4

5

9 12 85 1106

83.

9

14

N.

ELEMENT 1/2

TEST H/V (Position)

P' = 0.0000

CONCLUSION vuestion groups

1 and 6 represent different

subdivisional skills.

( D )

1

-a 0

T

GROUP 3

0 1 2 T

2 0 2 67 69

GROUP .

1 0 3 5 8

,
25 2 3 '30

25 7 75 107

ELEMENT 2/1(A)

TEST' +/- (Slope)

P = 0.0007

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

1...18 a

106



a

(A)

2

GROUP
1

1

0

E LEMENT

TABLE 4/24 0107

GROUP 4 GROUP 5

0 1 2 -r (B) 0 1 2 T

2 -4 63 69 2 0 2 61 63

GROUP
1 2 5 8 1 0 2 10 12

2

17 6 7 30 0 23 6 32.

20 12 .75 107 T 23 7 77 107

2/1(A) ELEMENT 2/1 (A)

TEST +/o (Slope)

P = 0.0000

CONCLUSION Question groups

1 and 4 represent different

subdivisional skills.

(C)

2

GROUP
1

0

T

GROUP 6

0 1 ,2 T

38 13 18 6,9

8 0 0 8

29 1 0 30

75 14 18 107

ELEMENT 2/1 (A)

TEST I/D (Co-ordinates)

P = 0.000o

TEST +/co (Slope)

P = (,.0051

CONCLUSION Question groups

2 and 5 may repreSent the same

subdivisional skill.

GROUP 7
(D)

2

GROUP
1

1

0

T

ELEMENT

0 1 2 T

7 5 57 69

3 2 3 8

26 2 2 30

36

2/1 (A)

9 62 107

TEST +/- (Co-ordinates)

P = o.b000

CONCLUSION Question groups CONCLUSION Question groups

1 and 6 represent different 1 and 7 represent different

subdivisional skills. subdivisional skills.
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( A)

MilbE 4/25c.

GROUP 8

0 1 2 T

2 3 8 58 69

GROUP
1 5' 0, 3 8

1

0 26 .2 2 30

T 34 10 63 '107

'ELEMENT 2/1 (A)

TEST +/0 (Co-ordinates) I

P = 0.0001

CONCLUSION Question groups

1 and 8 represent different

subdivisional skills.

GROUP 2.

£C)
, 0 1 2.

2 4 7 47

GROUP
1 4 2 4

0 36 1 0

T 44 10 51

T

58

10

37

ELEMENT 2/1 (B)

TEST H/V (Co-ordThates)

P = 0.0083

10`5

(B)

GROUP

1

2

1

0

T

GROUP 9

0 1 .2 T

1 5 63 469

2 0 6 8

25 4 1 30

28 9 70 107

ELEMENT. 2/1(A)
.

TEST Interpolation Distance

0.0251

CONCLUSION Question groups

1 and 9 represent the same

subdivisional skill.

2

ROUP
.

1
1

0

T

GROUP 3

0 1 2 T

1 7 58

5 10

30 4 3 37.

33 16 56 105

ELEMENT 2./1 (B)

TEST +/- (Slope)

P = 0.0056

CONCLUSION Question groups CONCLUSION Question groups

1 and 2 may represent the 1 and 3 probably represent the

same subdivisional skill. same subdivisional skill.
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1

1

(A)

TABLE 4/26

GROUP' 4

0 1 2 T.

. 2

GROUP
1

1

0
..

'T

5 I 52

Irv....

58

3 0 7 10
410.-

30 4 3 37

38 5 62 105

"` ELEMENT 2/1 (B) \

l
)

TEST 4./0 (slope)

P= 0.0000
-.

.

CONCLUSION Question groups

land 4 represent differeAt

subdivisional skills.

(C)

2

GROUP
1i
0

GROUP 6
.

.

0 1 2 T

0 9 49 58

2 2 10

33 4 0 37

T 35 15 55 '05

ELEMENT 2/1(B)

TEST +/- (Direction)

P = 1.0000

CONCLUSION Question groups

1 and 6 represent the same

subdivisional skills.

113)

si.

2

GROUP
1

2

0

T

...

.GROUP 5

0 1 2 T

6 3 42 51

1 1 8 10

31 7 44

38 11 ,56 105

ELEMENT 2/1(B)

TEST +4. (Slope)

P = o.0000

CONCLUSION Question groups

2 and 5 represent different
. 6

subdivisional skills.

Sr

(D)

2

GROUP
1

1

0

T

GROUP 7

0 1, 2 T

28 21

-i
9 58

8 2 0 10

37 0 0 37

73 23 q 105

ELEMENT 2/1 (B)
E

TEST I/D (Co-ordinates)

P = o.0000

CONCLUS I ON Question groups

1 and 7 represent different ,

subdivisional skil4s.
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I

r

GROUP 8

(A) 0 1

4. 2

GROUP

1
1

0

T

TABU 4/27

GROUP 9

T (B) ' 0 . 1

5 6

4 0

.33

58 2

GROUP
10

1
.1

03 37

42 9 54 105

ELEMENT 2/1 (B)

TEST +/- (Co-ordinates)

P = 0.0000

CONCLUSION Question groups

1 and 8 represent different

subdivisional skills.

2

GROUP

GROUP 10

1 2

0 5 I 53

1
1 4 4 2

0 37 0 0

T [ 41 , 9 55

ELEMENT 2/1 (B)

TEST Line/Points

P = 1.0000

T

58

10

37

105

CONCLUSION Question groups

1-and 10 represent the same

;ubdivisional skill.

2 T

3 6' 49 51

5 2 3 10

3 7_ 0 0 37

T 45 8 52 105

ELEMENT 2/1 (B)

TEST +10 (Co-ordinates)

1, = 0.0323

,CONCLUSION Question groups,

1 and 9 probably represent the

same subdivisional skill.

(D)

2

GROUP
1

1

0

T

GROUP 11

*0 1 2' T

4

3

8 46

5 2

32 5 0

58

10

37

18 48 105.

ELEMENT 2/1 (B)

TEST Extrapolation Distance

P..= 0.0297

CONCLUSION Question groups

.1 and 11.probably represent

the same subdivisional skill.

122
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4

(A)

2

GROUP
11,
0

T

TABLE 4/28
-- --It

GROUP 2

0 1 2 T

8 11 64 83

3 .3 5 11

16 0 18

27 14 71 112

_ELEMENT 3/1

TEST T.P. (Maximum/Minimum)

p = 0.0000 wr

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(C)

2
GROUP

i. 1

0

GROUP 4

0 1- 2 T

14 16 53 83

3 2 6 11

15 0 3 18

T 32 18 62 112

ELEMENT 3/1

TEST T.P./Alternative

P = o.0000

CONCLUSION Question groups

1 and 4 represent different

subdivisional skills.

/

I

GROUP 3

T 23

(IP . 0 1 2 T

42

GROUP
'1 4

.1
0 15

0-
2A

.

0

69

5 11

3 118
--.

12 77 112

ELEMENT 3/1

83

TEST H/V (Co-ordinates)

P = 0.0000

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

(D)

GROUP
2

1

T

Min!' 5

0 1 2 T

14 18 51 83

4 5 , 2 11

12. 4 2 18

30 27 55 112

ELEMENT 3/1

TEST I/D (Co-ordin tes)

P = o.0000

CONCLUSION Question. groups

1 and 5 represent different

subdivisional skills.

)



TABLE 4/29
. 112

(A)

GROUP 6 GROUP 7

0 1 2 T (B) 0 T

2 6 4 73 .83 2 8 18 57 83

GROUP GROUP
1

1
2 3 6 11 1

1
7 1 11

0 14 3 1 18 0 14 18

T 22 10 80 112 T 29 20 63 112

ELEMENT 3/1 ELEMENT 3/1

TEST +/- (Co-ordinates)

p = 0.000o

CONCLUSION Questi& groups

TEST +/0 (Co-ordinates)

P = 0.0001

CONCLUS I ON Question groups

1 anc1.6 represent different , 1 and 7 represent different

subdivisional skills. subdivisional skills.

C)
GROUP 2 , GROUP 2

.0+ (D)
0 1 2 T 0 1 2 T

2 1 12 14 2 12 12 26 50

GROUP GROUP
1

1
1 6 11 1

1
12 4 7 23

0 81 2 0 83 n 25 5 0 30

T 86 4 18 108 T 49 21 33 103

ELEMENT 3/2 E LEMENT 4/1

TEST T.P. (Max./Min.)

P = 0.3278

CONCLUSION Question groups

1 and 2 represent the

same subdivisional skill.

TEST - Interpretation /Construction

P = .0030

CONCLUS ION Question groups

1 and 2 may represent the

.same subdivisional skill.
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TABLE -4/30

GROUP 3

(A) 0 1 2 T

2 9 3 38 50

GROUP
1 10 5 8 23

1 .

0 '23 5 2 30

T 42 13 48 103

ELEMENT 4/1

TEST Interpretation /Construction

p = o.0000

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

(C)

GROUP

1

0

T

ELEMENT

GROUP 4

0 1 2 T

10 31 50

11 4 23

20 3 7 303

37

4/1

24 42 103

' TEST H/V (Co-ordinates)

P = 0.0000

CONCLUSION Question groups

1 and 4 represent different

(B)

2

GROUP
1

2

0

T

ELEMENT

GROUP 3

0 1 2 T

0 4 29 33

3 4 14 21

39 5 5 49

42

4/1

13 48 103

TEST Constructional Divisions

P = 0.0373

CONCLUSION Question groups

2 and 3 probably represent

the same subdivisional skill.

(D)

2

GROUP

.1
1

0

T

ELEMENT

GROUP 5

0 1 2 T

12 20 18 50

12 9 2 23

23 6 1 30

47

4/1

35 21 103

TEST I/D (Co-ordinates)

P = 0.0845

CONCLUSION Question groups

1 and 5 represent the same

subdivisional skills. subdivisional skill.
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TABLE: 4/31

GROUP 6

(A) 0 1 2 T

2 27 5 18 50

GROUP
1 14 2 23

1

0 27 0 30,

T 68 15 20 103

ELEMENT 4/1

TEST +/- (Co-ordinates)

= 0.0000

CONCLUSION Question groups

1 and 6 represent different

subdivisional skills.

(C)

GROUP

1
1

0

T

ELEMENT

GROUP 8

0 1 2 T

3 46 50

5 7 11 23

18 11 1 30

24

4/1

21 '58 103

TEST +/0 (Co-ordinates)

P = 0.4267

CONCLUSION Question groups

1 and 13 represent the same

subdivisional skill.

36

(B)

2

GROUP
1

1

0

T

ELEMENT

GROUP 7

0 1 2 T

34 6 10 50

20 0 3 23

27 30

81

4/1

8 14 103

TEST +/- (Displacement)

P' = o.0000

CONCLUSION Question groups

1 and 7 represent different

subdivisional skills.

(D)

2

GROUP
1

0

T

GROUP 2

0 1 2 T

12 7 71 90

2 0 2 4

1) 1 1 14

26 8 74 108

ELEMENT 4/2

TEST

114

Interpretation/Construction

=P 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.



0

(A).

2

GROUP
1

1

0

T

ELEMENT

TABLE 4/32

GROUP 3 GROUP 3

0 1 2 T (13) 0 1 2

5 23 62 90 2 1 19 54 74

GROUP
3 1 0 4 1

2
0 4 4 8

11 3 0 14 0 18 4 26

19 27 62 108 T 19 27 62 108

4/2 ELEMENT 4/2

TEST Interpretation/Construction TEST Constructional Divisions

P = 0.2016

CONCLUSION Question groups

1 and 3 represent the same

subdivisional skill.

(C)

2

GROUP
1

0

GROUP 4

0 1

1 10

1 1

13 0

T 17 11

ELEMENT 4/2

P = 0.0226

CONCLUSION 'Question groups

2 and 3 probably represent the

same subdivisional skill.

115

GROUP 5

(D)
2 T 0 1 2 T t-)
77 90 2 25 22 43 90

GROUP
2 4\ 1

1
4 0 0 4

A
14 12 1 1 14

80 108 T 41 23 44 108

ELEMENT 4/2

TEST H/V (Position)

p = 0.0013

CON CLUS I ON Question. groups

1 .,nd 4 may represent the same

1 , 1 i v i i ()nal :;Nil l .

TEST I/Ir(Position)

p = 0.0000

CONCLUSION Question groups

I and 5 represent different

subdivisional skills.



GROUP 6

0 1

TABLE 4/33

T (B)

2

GROUP
1

1

0

T

ELEMENT

61 10 19 2

4 0 0
GROUP

4 1
I

14 0 0 14 0

79,

4/2'

10 19 108 T

ELEMENT

TEST +/- (Position)

P = 0.0000

CONCLUSION Question groups

1 and 6 represent different

subdivisional skills.

GROUP 8

(C)
0 1 2 T

2 0 5 85 90

GROUP
1

1
1 1 2 4

0 7 2 5 14

T 8 8 92 08

ELEMENT 4/2

9 116

GROUP

0 1 2 T

48 22 201 90

4 0 0 4

14 0 0 14

66

4/2

22 20 108

TEST 11- (Displacement)

P = 0.0000

CONCLUSION Question groups

1 and 7 represent different

subdivisional skills.

(D)

9

GROUP
1

1

0

T

ELEMENT

GROUP 2

0 1 2 T

4 13 82 99

1 1 3 5

2 1 1 4

7 15 86 108

4/3

TEST +/0 (Position) TEST Presentation Format

p = 0.0030 P = 0.0020

CONCLUSION Question groups, CONCLUSION Question groups,

1 and 8 may represent the same 1 and 2 may represent the same

subdivisional skill. subdivisional skill.
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(A)

2

GROUP
1

1

0

T

ELEMENT

TEST Presentation Format TEST Presentation Format

TABLE 4/34

GROUP 3 GROUP 3

0 1 2 T (B) 0 1 2 T

2 5 92 99 2 0 5 81 86

GROUP
0 0 5 5 1 1 0 14 15

2

3 0 1 4 0 0 3 7

5 5 98 108 T 5 5 98 108

4/3 ELEMENT 4/3

P F 0.0003 P = 0.0453

CONCLUSION Questiori' groups

1 and 3 represent aifferent

subdivisional skills.

(C)

2

GROUP
1

1

0

T

GROUP 4

0 1

8 10

1 0

0

9 10

ELEMENT 4/3

TEST I/D (Numbers)

P = 0.0000

CONCLUSION Question groups

2 and 3 probably represent the

same subdivisional skill.

2 T
(D)

81 99 2

GROUP
4 5

1
1

4 4 -0

89 108 T

CONCLUSION Qu!,tion group!;

ELEMENT

GROUP 5

0 1 2 T

81 7 11 99

3 1 .1. 5

4 0 n 4

88

4/3

8 12 1.08

TEST +/- (Numbers)

P = 0.0000

CONCLUSION Question groups

1 .1nd 4 rpreNnt dllioront I ,Ind r ept ..en t, rl i lie ren t

:>1.111:;.

r.9
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TABLE 4/35

GROUP 6

(A) 0 1 2 T (B)

2 34 17 48 99 2

GROUP
1 3 1 1

GROUP
5 1

11

0 4 0 0 4 0

T 41 18 49 108 T

ELEMENT 4/3 ELEMENT

GROUP 7

0 1 2 T.

5 4 90 99

0 1 4 5

2 1 1 4

7

4/3

6 95 1 108

TEST +/- (Result) TEST +/0 (Numbers)

P = 0.0000 P = o.00loo

CONCLUSION Question groups CONCLUSION Question groups

1 and 6 represent different 1 and 7 represent different

subdivisional skills. subdivisional skills.

(C)

GROUP

1

GROUP 2

0

39

48

1 2 T
(D)

11 35 1 51 2

GROUP
9

1
1

3 3 45 0

16 40 104 T

ELEMENT .5/2(A)

TEST 1/D (Gradient)

P = (Loom

CONCLUSION' Question groups

1 and 2 represent different

subdivisional skills.

GROUP 3

0 1 2 T

17 15 19 51

5 0 8

40 5 0 45

62 23 19 104

ELEMENT 5/2(A)

TEST I/0 (Gradient)

p = 0.0065

CONCLUSION Question groups

1 and 3 may represent the same

subdivisional skill.
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TABLE 4/36

(A) 1

2

GROUP
1

2

0

T

ELEMENT

GROUP 3 GROUP 4

0 1 2 T (B) 0 1 2 T

11 13 16 40 2 6 5 40 51

9 5 2
GROUP

16 1
1

4 3 1 0

42 5 1 48 0 42
I

1 2 45

62

5/2 (A)

23 19 104 T

ELEMENT

52

5/2 (A)

I 9 43 104

TEST I/D (Displacement)

P = 0.0012

CONCLUSION Question groups

2 and 3 may represent the same

subdivisional skill.

(C)

2

GROUP
1

0

GROUP 5

0 1 T

1 5 45 51

2 3 3 8

40 3 2 45

T 43 11 1,5 0 104

ELEMENT 5/2 (A)

TEST +/- (Displacement)

P = 0.0230

CONCLUSION Question groups

and 5 probAly rQprosent the

same subdivisional skill.

'TEST I/D (Gradient)

P = 0.0000

CONCLUSION Question groups

1 and 4 represent different

subdivisional skills.

(D)

I

GROUP ..

1
1

0

T

ELEMENT

GROUP 6°

0 1 2 T

25 3 23 51

5 0 3 8

43 2 0 45

73

5/2 (A)

5 26 104

TEST +/- (Gradient)

P = 0.0000

CONCLUSION Question groups

1 and 6 represent different

subdivisional skills.

131

119



(A)

GROUP

1

,

TABLE 4/37

2

1

0
s

T

GROUP 7

0 -1 2 T

18 3 30 51

4 1 3 8

33 1 11 45

55 5 44 104

ELEMENT 5/2(A)

TEST +/0 (Gradient)

p = 0.0000

120

tn.

(B)

2

GROUP
1

1

0

T

GROUP 8

0 1. 2 T

48 1 2 51

8". ' o 0 8

45 0 0 45

101 1 2 104

ELEMENT 5/2 (A)

TEST +/co (Gradient)

P = 0.0000

CONCLUSION Question groups CONCLUSION Question groups

1 and 7 represent different 1 and 8 represent different

subdivisional skills. subdivisional skills.

(C)
GROUP 8

0 1 2 T

2'
GROUP

1
7

0 55

41

5

T

'1 2 44
. ,.

0 0 5

0 0 55

2 104

(D)

2

GROUP
1

1

0

T

ELEMENT 5/2 (A) ELEMENT

GROUP 2

0 1 2 T

7 13 40 60

6
.1
4. 0., 8

36 0 1 37

49 15 .41 105

..:-.\

5/3 (A)

'TEST 0/m (Gradient) , TEST I/D (Gradient)

13 = 0.0000 P = 0.0040

CONCLUSION Question groups CONCLUSION Question groups

7 and 8 represent different 1 and 2 may represent the

subdivisional skills, same subdivisional skill.
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(A)

TABLE 4/38'

GROUP 3

0 2 T

2 29 11 20 60

GROUP
1 0 0 8

1

0 36 0 1 37

T 73 11 21 105

ELEMENT /3 (A)

TEST I/D (Gradient)

P = 0.0000

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

(C)

2

GROUP
1

1

0

GROUP 4

0 1 2 T

5
e

13 42 60

6 1

35 2 0 37

46 16 43 105

ELEMENT 5/3 (h)

TEST I/D (Gradient)

P = 0.0663

CONCLUSION Question groups

1 ,and 4 probably represent the

same subdivisional skill.

(B)

2

GROUP
1

2

0

T

ELEMENT 5/3(A)

TEST I/D (Displacement)

P = 0.0000

CONCLUSION Question groups

2 and 3 represent different

GROUP 3

0 1 2 T

18 6 17 41

7 4 4 15

48 1 0 49

73 11 21 105

subdivisional skills.

(D)

2

GROUP
1

1

0

T

GROUP 5

0 1 2 T

9 12 39 60

6 1 1 8

37. 0 0 37

52 13, 40 105

ELEMENT 5/3(A)

TEST +/- (Displacement)

-P = 0.0030

CONCLUSION QuestiOn groups

1 and 5 may represent the same

subdivisional skill.
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0

(A)

GROUP

1

TABLE 4/39

2

1

GROUP 6 GROUP 7

o 1 2 T (B) 0 1 2 T

52 60 2 22 5 33 60

2

GROUP
8 1

1
6 1 1 8

35 1 37 0 ltS 2 7 37

43 55 105 T 56 S 41 105

ELEMENT 5/a(A)

TEST i/ (Gradient)

P= 0.0001

ELEMENT 5/3(A)

TEST i/0 (Gradidht)

P = 0.0000

CONCLUSION Question groups CONCLUSION Question groups

1 and 6 represent different 1 and 7 represent different

subdivisional skills. subdivisional skills.

(C)

2

GROUP
- 1

0

GROUPS,

0 1

54 0

8 0

36 0

T 98 0

2 T
(D)

6 60 2

GROUP
0 8

7
1

1 37 0

7 105 T.

GROUP 8

0 1 2 T

36 0, 5 41

6 0 2 8

0 0 56

98' 0 7 105

ELEMENT 5/3 (A) E LEMENT 5/3 (A)

TEST -4100 (Gradient) TEST 0/0° (Gradient)

P = 0.0000

CONCLUSION Question groups

1 and 8 represent different

subdivisional skills.

P = 0.0000

CONCLUSION Question groups',

7 and 8 represent diffeeent

subdivisional skills.
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TABLE 4/40

GROUP 2

(A) 0' 1 2 T.

2 39 16 54 109

GROUP
1

e 1

0

1 0 0 1

1 0 0 1

T 41 16 54 111

ELEMENT 5/4 (A)

TEST I/D (Quotient)

p = 0.0000

(B)

2

GROUP
1

1

T

ELEMENT

GROUP 3

0 1 2

67 20 22. 109

1 0 0 1

1 0 0 1

69

5/4 (A)

20 22 111

TEST I/D (Quotient)

P = 0.0000

CONCLUSION Question groups CONCLUSION

1 and 2 represent different

subdivisional skills.

(C)
GROUP 3 I

0 -1 2 T

2 24 12 18 54

GROUP
1 9 4 t3 16

0 36 4 1 41

T 69 20 22 111

ELEMENT 5/4 (4)

TEST I/o (Variables)

Question groups

1 and 3 represent different

subdivisional skills.

(D)

2

GROUP
1

1

0

T

ELEMENT

GROUP 4

0 1 2 T

57 14 38 109

1 0 0 1

1 0 0 1

59

5/4 (A)

14 38 111

TEST I/D (Quotient)

IP = 0.0000 P = 0.0000

)CONCLUS I ON Qudition diroups CONCLIJS I ON Question groups

2 and 3kepresent different .11 and 4 represent dinferent

' subdivisional skills.

4

subdivisional skills.
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(A)

TABLE 4/441

GROUP 5

0 1 2 T (B)

GROUP

2

1

0

T

39 10 f 60 109

GROUP

1

2

1

T

0 0

1 0 0 1

40 11 60 iri

ELEMENT 5/4(A)

TEST +/- (Variables)

P =: 0.0000

CONCLUSIONS Queer .on groups

1 and 5 represent different

subdivisional skills.

ELEMENT

TEST +/-: (Quotient)

P = - 0.0006

CONCLUSION ,,.Question groups

1 and 6 represent different

GROUP 6'

0 1 2 T

13 73 109

.0 1 1.

1 0 0 1.'

14

5/4 (A)

23 t 74 111

vbdivisional skills.

(C)
GROUP 7.

0 1 2 T
(D)

2 13 7 89 109 2

GROUP GROUP

. 1
1 0 0 1 1

1
-1

0 0 o' 1 1

T 13 7 91 111.

ELEMENT 5/4(A)

TUT +/o (Quotient):

P = o.n000

CONCLUSION Question groups

I and 7 represent different

GROUP 8

0. 1 /2 T

106 109

108 3

1

111

ELEMENT 5/4 (A)

TEST +/co (Quotient)

P = o moo.

CONCLUSION Question groups

1 and 8 represent different

subdivisional skills. subdiv.thional skills.
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- (A)

P

2

GROUP
1

7

0

T

ELEMENT

a

TABLE 4/42 125

GROUP" 8
<

0 : 1 2 T (B) ,

2

GROUP
1

1

0

T

ELEMENT

ei

GROUP 2

'0 1 2 T

88 0 3 91 4 14 37 55

,7 0 0
------ '\7 , 2 3 0 5

3 0-1/4 0 13 42 2 0 44

108

5/4 (A)

0 3 111 48'

5/2(B)

19 37 104

TEST 0/ cc, (Quotient)

P = 0.0000

CONCLUSION Question groups
7 and 8 represent different
subdiVisional skills.

(C)

2

GROUP
1

1

0

T

GROUP 3

0 1 2 T

6 9 40 55

2 3 0 5

42 1 1 44

50 13 41 104

ELEMENT 5/2 (B)

TEST +/0 (Co-ordinates)

, p = 0.0001

R

CONCLUSION Question groups
I and 3 represent different
:,utxlivisional !,:kills.

S

TEST -v. (Co-ordinates)

P = 0.1921

CONCLUSION Question groups

1 ,and 2. represent the same
subdivisional skill.

(D)

2

GROUP
1

1

0

T

/
ELEMENT

GROUP 4

/0 1 2 T

3 2 50 55

2 2 1 5

44 0 0 44

49

5/2 (B)

4 51

a,

104

TEST I/D (Co-ordinates)
i

13 = 0.0617

CONCLUSION Question groups
:'1 and 4 may represent the same
subdivisional skills.



O

GROUP 5

(A) o*" 1 2

TABLE 4/43

T .
(B)

kr

GROUP

1

2

1

T

9 5 41 55 :; 2

GROUP
1

1

0

T

4 1 ' 0 5

42 2 0 44

55 8 41 104

ELEMENT 5/2(B)

TEST H/V (Co-ordinates)

P = o.0000

CONCLUSION Question groups

1 and 5 represent different

subdivisional skills.

(C)

2

GROUP
1

1

'0

GROUP 7

0 1 2 . T

0 2 53 55

0 2 5

43 1 0 44

T 43 5 56 104

ELEMENT -5/2(B)

TEST +/o (Slope)

P = 1.0000.

CONCLUSION Question groups

1 and 7 represent the

subdivisional skill.

same

GROUP 6

0 r 1 2 T

1 2 52 55

2 1 2

,.

5

43 1 0 44

46 4 54 104

ELEMENT 5/2(B)

TEST +/- (slope)

P = 0.0848

CONCLUSION Question groups

1 and 6 represent the same

subdivisional skill.

(D)

2

GROUP
1

1

0

T

.,GROUP 8

0 1 2 T

0 4 51 55

0 2 3 5

28 13 44

28 9 67 104

ELEMENT 5/2(B)

TEST +/m (Slope)

P = o.0000

CONCLUSION Question groups

1 and 8 represent different

subdivisional skills.
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{.

/ (A)

2

GROUP

1

0

GROUP 9

0 1 2

1 8 46

3 2 0

40 2 2

T

55

5

44

T 44

ELEMENT 5/2 ( B )

TEST Convex/Concave

P = 0.0008

48 104

(B)

2

GROUP
1

0

T

ELEMENT

GROUP 2

0 1 2 T

0 2 53 55

2 2 1 5

43 1 44

45

5/3 (B)

4 55 104

TEST +/- (Slope)

P = 0.0402

CONCLUSION Question groups CONCLUSION . Question groups

1 and 9 represent different 1 and 2 probably represent the

subdivisional groups. same subdivisional skill.

(C)

2

GROUP
1

1

0

GROUP 3

0 1 2

01 4 51

0 1 0 5

39 0 5

T 39 4 61

T

55

5

44

104

ELEMENT 5/3(8)

TEST +/0 (Slope)

P = 0.0000

CONCLUSION Question groups

1 and 3 represent different

subdivigional skills.

(D)

2

GROUP

1

0

T

GROUP 4

0 1 2 T

0 5 50 55

1 2 2 5

38 4 44

39 9 56 104

ELEMENT 5/3(B)

TEST +/. (slope)

P = 0.0004

CONCLUSION Question groups

1 and 4 represent different

subdivisional skills.

127



(A)

2

GROUP
1

1

0

T

ELEMENT

TABLE 4/45

GROUP 5 GROUP 2

0 1 2 T

gar

(B)
"

2

0 1 2 T

1 1 53 55 8 6 1 lc

1 3 1 5
GROUP

1 6 3 2, 11

1

42 2 0 44 0 75 3 0 78

44 6 54 104 T 89 r2 3 104

5/3 (B) ELEMENT 6/2

TEST Convex/Concave

p = 0.0845

CONCLUSION Question groups

1 and 5 represent the same

subdivisional skill.

(C)

2

GROUP
1

1

0

T

ELEMENT

GROUP 3

0 1 2 T

5 9 15

3 7 1 11

70 6 2 78

74

6/2

18 12 104

TEST I/D (Co-ordinates)

P = 0.0545

CONCLUSION Question groups

1 and 3 represent the same

TEST Straight line/Curve

P = 0.1370

CONCLUSION Question groups

1 ariaW2 represent the same"

subdivisional skill.

(D)

2

GROUP
1

. 1

0

T

E LEMENT

GROUP 4

0 1 2 T

5 15

2 11

73 2 78

84

6/2

11 9 104

TEST 's.+/ (Co-ordinates)

P = 0\3000

CONCLUSION Question groups

1 and 4 represent different

subdivisional skill. subdivisional skills.
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(A)

2

GROUP
1

1

0

T

ELEMENT

TABLE 4/46

GROUP 5

0 1 2 T

0 4 11 15

2 6 1 3 11
.

73 2 3 78

7S

6/2

12 17 104

TEST +/0 (Co-ordinates)

P = 0.0132

CONCLUSION Question groups

GROUP 6

(B)

2

GROUP
1

1

T

ELEMENT

(5- 1 z

6 4 5 15

5 3 3 '11

73 4 1 78

84

6/2

11 9 104

TEST I/D '(Scale)

P = 0.0001

CONCLUSION Question groups

1 and 5 probably represent 1 and 6 represent,different

the same subdivisional skill.. subdivisional skills.

(C)

2

GROUP
1

1

0

GROUP 7

0 1

3

2 4

70 6

T 77 13

ELEMENT 6/2

TEST H = I/1 (Scale)

P = 0.0000

129

GROUP 8

(D)
T 0 2 T

7 15 2, 3 5 7 15

GROUP
5 11 1

1
11

2 78, 0 72 78

14 104 T 80 9 15 164

V

ELEMENT 6/2

TEST H = I/D (Scale)

P = o.0000

CONCLUSION Question groups

1 and 7 represent different

subdivisional skills.

CONCLUSION Question groups

1 and 8 represent diff,erent

subdivisional skills.
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(A)

2

GROUP
1

1

0

T

ELEMENT

TABLE 4/47

GROUP 2

0 1 2 T

5 9 15 29,

6 3 11 20

53 4 '58

64

6/3 (A)

16 27 107

TEST Straight Line/Curve

P, = 6.0023

CONCLUSION Question groups

and'',2 may represent the same

'sUbdivisienal skill.

s!

Cs

,c4

,Gi2O.UP

1' 4

T

GROUP 3

5)0
1 2 T

0 0 93 93

1 0 4 5

"10 0 0 10

11 0 97 108

ELEMENT 6/3 (B)

``TEST -+H = I/1 (Dimensions)

P = 1.0000

'CONCLUSION Question groups

1 and 3'represent

the same subdivisional skill.

(B)

2

GROUP
1

1

0

T

ELEMENT

GROUP 2

0 1 2 T

26 19 48 93

5 0 0 .5

0 0 0 10

41

6/3 (B)

19 48 108

TEST 1/D (Dimensions)

P = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(D)

2

GROUP
1

1

0

GROUP 4

0 1 2 T

12 8 73 93

2 0 3 5

10 0 0 10

24 8 76 108

ELEMENT 6/3 (B)

TEST H = (<

0.0000

CONCLUSION Question groups

1 and 4 represent different

subdivisional skills.
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TABLE 4/48

(A)
GROUP 2 GROUP 3

0 1 2 lf" (B) 0 1 T

2 34 19 41 94 2 0 0 94 94
GROUP GROUP

1
1

4 4 5 13 1 0 1 12 13
1

0 2 0 3 5 0
3 0 2 5

T 40 23 49 112 T 3 1 108 112

ELEMENT 6/4(B) ELEMENT 6/4(B)

TEST I/0 (Numbers)

P = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(C)
GROUP 4

0 1 2 T

2 14 14 66 94
GROUP

1
1 3 0 10 13

0 2 0 3 5

T 19 14 79 112

ELEMENT 6/4(8)

TEST A = I/D ( <1)

p = 0.0000

TEST A = 1/1 (Numbers)

p = 0.1502

CONCLUSION Question groups

1 and 3 represent the same

subdivisional skill.

(D)

2

GROUP
1

2/1(10-1

0

T

GROUP 2/1(8)-10

0 1 2 T

10 7 49 66

5 0 3 8

25 0 2 27

40 7 54 101

131

ELEMENT 2/1(A) - 2 /1(B)

TEST Interpolation/Extrapolation

P = 0.0000

CONCLUSION Question groups CONCLUSION Interpolation and

l and 4 represent different Extrapolation involve independent

suhdivisiorial skills. skills.
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3. The Effectof Initial Testing Practice on Subsequent Performance

In order to determine the effect of initial testing practice on

subsequent performance, the questions within each book, incorporating

all subdivisional groups for a particular intellectual skill, were

arranged in a different random sequence for every student. If the

practice effect were insignificant, that is, if attempting earlier

questions had .11,0 noticeable effect on later performance, it could

be expected that the number of correct responses for any question

would be independent of the order of presentation within the appropriate

bcok. Since this result could be affected by errors of measurement,

the correlate4 observations of question performance and position were

tested, by the calculation of Cochran's Q (Cochran 1950), to determine

whether or not they could be accounted for by chance occurrence under

the null hypothesis of no practice effect.

The probability associated with the occurrence of observed results

under the null hypothesis is presented for each set of questions in

Table 4/49. Only two of these probabilities, namely those for

Elements 3/2 and 5/3(B), are less than 0.05, and if the observed

distribution of all eighteen probabilities is compared with their

expected distribution under the hyp,,,hesis of no change in testing

performance for any element (see Table 4/50), it can be shown that

both of these distributions are effectively the same. This comparison

involves the Kolmogorov-Smirnov test (see Bradley 1968) for goodness

of fit.

It can safely be assumed from the results of this analysis that
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the use of multiple questions to test each basic skill will not

involve a significant practice effect, that is, the initial attempt

at questions for any paricular,,skill will have little influence on

subsequent performance in tasks of a similar nature. This assumption,

which was similarly confirmed by White (1971), has important

implications for the statistical analysis of hierarchical relationships,

since it obviates the necessity to consider any complicating practice

effect, while allowing the use of multiple questions to account for

errors of measurement. Thus duplicate questions are used in this

research to test each basic and subdivisional skill in the hierarchy

validation programme. The development and trial of this validation

programme are described in Chapter V.

I
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TABLE 4/49

The Effect of Testing Practice on Subsequent Performance

Element

Number

Number of Number of

Students Questions Q P

1/1 105 12 16.0 0.15

1/2 106 12 5.2 0.92

2/1(A) 107 18 22.2 0.16

2/1(B) 105 22 16.8 0.73

3/1 112 14 14.1 0.37

3/2 108 4 9.4 0.023

4/1 103 16 11.3 0.73

4/2 108 16 14.8 0.47

4/3 108 14 10:9 0.61

5/2(A) 104 16 14.2 0.51

5/3(A) 105 16 8.0 0.92

5/4(A) 111 16 24.8 0.05

5/2 (B) 104 18 18.8 0.34

5/3(B) 104 10 17.2 0.047

6/2 104 16 12.8 0.61

6/3(A) 107 4 0.76 0.86

6/3 (B) 108 8 5.2 0.64

6/4(B) 112 8 1.7 0.97

NOTES

J(J-1) EY.2- (J-1) (EY )

2

(1) Q =
k

JEY
k

EY
k

2
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1

J ip the number of questions used to test a particular

element, and Y. is the total score for all students on a
-1

specified question (j). 4 is the number of questions

correct for any given student (k).

(2) 2 is distributed as x
2
on (J-1) degrees of freedom under

the hypothesis of no change in performance throughout the

appropriate test. P is the probability associated with the

observed value gf Q occurring under the same hypothesis.

O
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TABLE 4/50

Ob::rviA ar0 Expected Distributions of P (from Table 4/49)

X Sn(X)
o
(X)

n
(X)-F

o
(X)I

9.4 0.06 0.023 0.04

17.2 0.11 0.047 0.06

24.8 0.17 0.05 0.12*

16.0 0.2 0.15 0.07

22.9 0,28 0.16 0.12*

18.8 0.33 0.34 0.01

14.1 0.39 0.37 0.02

14.8 0.44 0.47 0.03

14.2 0.50 0.51 0.01

10.9 0.56 0.61 0.05

12.8 0.61 0.61 0.00

5.2 .0.67 0.64 0.03

11.3 0.72 0.73 0.01

16.8 0.78 0.73 0.05

0.76 0.83 0.86 0.03

5.2 0.89 0.92 0.03

8.0' 0.94 0.92 0.02

1.7 1.00 0.97 0.03

NOTES

(1) X is the observed value of 2, and F
o
(X) the corresponding

value of P (both derived from Table 4/49), under the hypothesis

of no change in testing performance for any element. S
n
(X) '

is the expected cumulative frequency for the observed Values

of 2.
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(2) The maximum value of ISn(X)-F
o
(X)I is 0.12 (*).. This

value is not significant at the 0.05, or even at the 0.20
,

level, which-requires a maximum deviation of 0.24 for

significance. The hypothesis'of no change in testing

performance for any element is therefore accepted as valid.
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c.

CHAPTER V

$

THE MODIFICATION AND TRIAL VALIDATION OF THE
.

A

POSTULATED LEARNINGLEARNING HIERARCHY

150
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1. Introduction

Following tho suhdivisional analysis outlined in Chapter IV,

several important modifications\were made to the definition of certain

basic skills, and to the nature\of associated interrelationships in

the postulated learning hierarchy. In addition to these modifications,

14;

a number of general restrictions were imposed so that the 7ange of

independent subdivisional skills within each of the basic abilities

could be minimised, thus reducing the danger of falsely rejecting

any valid hierarchical relationship. An outline of these

modifications and restrictions is presented below in section 2,

explained within the context of relevant interpretative areas, and

incorporating the-appropriate rationale.

2. Modifications and General Restrictions to the Postulated

Learning Hierarchy

The analysis of subdivisional skills for calculating the position

of a point on a two-dimensional grid did not include the case of a

specified position on a_continuous line-segment graph, because this

was considered, on closer inspection, to involve a different type

skill, though probably related to the former at a higher level of

complexity. Thus the calculation of position on a continuous line-
.

segment graph was hubsequently defined as a new terminal skill for

area 1, dependent upon calculating the position of an isolated point,

and involving its own analogous set of subdivisional skills. The

actual location of a specified point on a continuous Jine-Segment
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graph, which is the parallel constructional skill to the interpretative

calculation of position, does not appear to involve the same

procedural steps, and was therefore defined as an independent terminal

skill for area 1. The addition of these interpretative and

constructional skills, designated elements 1/1(A) and 1/1(B)

respectively (see Table 5/4), also necessitated a redefinition of

relevant interrelationships with other areas of the postulated

learning hierarchy, and these changes are outlined at appropriate

points below.

In addition to the basic structural changes associated with area

1, a number of more general modifications and restriction= were

imposed on each of these positional abilities with respect to the

relevant subdivisional skills outlined and empirically established

in Chapter IV. It was deci-led, for example, to restrict the use

of numerical positions to a limited range of positive integers

(1-10), in order to avoid confusion with the independent skills

involving negative and decimal numbers, and the special case of zero.

1t was recognised, in addition, that the different subdivisional

,f;kills for calculating Horizontal and Vertical positir.,n have

to be independently taught and tested, since botn would be necessary

in the subsequent calculation of gradient (area 5).

outlined above on positional number and sign were also applied to

other basic skills interrelated with those of area 1.

The limitations

The basic, intelioctual Skills of interpolation (element 2/1(A))

and extrapolation (oloment.2/1(B)) were considered, when defined in

terms of operational instructionb, to be hierarchically related to
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the newly defined terminal skill concerned with positional

calculation from a line-segment graph (element (1/1(A)), rather

than that involving a single or isolated point. Apart from this

modification to the postulated interrelationship, the same sub-
..

divisional restrictions of positional number and sign, previously

determined for area 1, were applied to both interpolation and

extrapolation skills. Ali additional restriction to positive linear

slope was also imposed for area 2 on the basis of the fnrmer

subdivisional analysis, and it was decided to adopt a uniform level

of interpolation and extrapolation distance, although this was a

matter of subjective choice rather empirical necessity.

From the relative difficulty levels of elements 3/1 and 3/2,

which were tested for subdivisional analysis on the same sample of

students, it was decided to reverse the initially postulated

relationship. Although the two bas.c skills were considered to be

logically related, it was evident from the results outlined in Chapter

IV that, despite the misinterpretation of instructions associated

with element 3/2, the postulated sequence was most unlikely to be

substantiated by empirical validation. Thus the calculation of

maximum and minimum values was redefined as a subordinate skill to

the general recognition of particular turning points. The

interrelationship between positional calculation and that. concerned

with maximum/minimum values was also redefined (see Table 5/6), and

rho same limitations on number and sign were applied to both of the

relevant.(interrelated) skills.
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In accordance witl- imposed restrictions on positional

calculation, the values for determining difference and displacement

(area 4) were also confined to a limited range of positive integral

numbers (1-10), and the results for each appropriate question and

example were similarly contrived to avoid complex calculations

involving different subdivisional skills. The separate

subdivisional skills for calculating Horizontal and Vertical

displacement were independently taught and tested, since both were

later required for the determination of gradient (area 5). The

interrelationship.between positional and displacement skills (areas

1 and 4 respectively) remained unchanged by basic definition (see

Tables 5/4 and 5/7), but the reorganisation of area 1 necessitated

certain changes in numerical classification.

Restrictions on numerical range and sign for the calculation of

quotient and gradient (area 5) were analogous to those imposed in

areas 1 and 4, with respect to both co-ordinate variables and result.

One structural change was made, however, to the postulated

interrelationship between areas 1 and 5, since element 5/2(B), which

involves the construction of a tangent to a curve at a specified point

of contact, we considered more appropriately related to the newly

defined constructional skill 1/1(B), which involves positional

location on a line-segment graph, than to the formerly related skill

concerned with isolated points.

A 'Amilar change was made to the postulated relationship between

element 6/1, which involves the calculation of area between specified

points on a line-segment graph, and the subordinate skill of co-ordinate
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location (area 1), with element 1/1 (B) replacing the formerly

related skill concerned with isolated points. A number of other

changes were also made to area 6, including the use of a more

appropriate format (two dimensional grid) for the classification of

divided rectangular segments (element 6/3(A)), and the definition

of an additional basic skill (designated 6/3(B) in Table 5/9)

concerned with calculating the area of rectangular blocks from

Horizontal and Vertical scale;,-on a two-dimensional grid.
.4

Restrictions on number and sign for skills involving the calculation

of graphical area generally followed those outlined above for other

basic skills, although in this case the numerical range was extended

beyond the former limit of 10. Where larger numbers were involved,

however, analogous questions were used at lower levels to test for

similar subdivisional skills. The ability to count was also

considered a prerequisite for certain skills in area 6, but was assumed

to be commonly mastered at the prospective testing level, and therefore

too elementary for effective hierarchical discrimination.

With the various structural modifications and practical testing

restrictions outlined above, the postulated le ning hierarchy was

considered to be in a suitable form for trial va dation. A

comprehensive instructional programme was therefore prepared,

incorporating duplicate questions at appropriate intervals to test

each basic skill. The reasons for this trial validation experiment

were to evaluate the applicability and effectiveness of the teaching

materials, to eliminate instructional errors from the various

examples and testing questions, to detect any gross inconsistencies

155

5

0



F+

144

in the postulated learning hierarchy, and to determine both
4

the amount

df time rewired and the most appropriate application level for the

final validation programme. The preparation and administration of

the validation trial are outlined below in section 3, while the

results and implications are subsequently discussed in section 4.

3., Preparation-and Administration of the Validation Trial

The organisFion of instructional and testing materials for

the validation trial was basically the,same as that proposed by

White (1971 /pp31-33) for the validation of learning hierarchies.

This involved teaching and immediately testing each skill in turn,

progressing along linear hierarchical sequences and beginning at the

lowest level in each, with special provision for retesting at

appropriate branching points. There was, however, one important

difference from the model proposed by White, in that this research

involved no regular retesting pattern for skills in each linear

sequence. The regular retesting procedure was adopted by White (1971)

as a check on whether postulated subordinate skills were learned in

the process of attempting subsequent higher-order elements, but it

was considered in this case that the occurrence of such behaviour

should invalidate the postulated relationship of hierarchical

dependence, and that any subjects included in this category should

be classified as 'legitimate' exceptions to the postulated sequence,

rather than omitted from the validation test (see White 1971/p32).

The instructions and examples provided for each of the basic
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and subdivisional skills were explained as clearly and as simply

as possible, with all specific graphical terms, such as 'horizontal',

'vertical', 'axis', and 'tangent', explicitly defined in more

common terms and illustrated on first occurrence. An indication

of the level of understanding among Victorian high school students

of certain relevant scientific terms was provided in the results

of an extensive local study by Gardner (1972), and the assumptions

of expected common vocabulary were generally based on these results.

Symbolic notation (erg. X(A) = Horizontal position of point A) was

extensively used throughout the trial programme, but was also

explained and illustrated on first' occurrence.

The trial validation programme was divided into three sections

of approximately equal length, each intended to be comfortably

completed in a single testing period of 40-50 minutes. Each section

was concerned with different areas of graphical interpretation,

although certain of the skills included in section 1 were also

postulated prerequisites for sections 2 and 3, so that the sections

were administered in proper numerical order. An outline of the

presentation, Sequence of basic and subdivisional skills within each

,section of the programme is shown in Table 5/1.

Administration of the trial validation programme involved a

single class of students at each of three consecutive levels from

grade 6 (primary) to form 2 (secondary). For the primary class

(grade 6) the programme was presented in three aiiernate 40-minute

periods with one section covered in each, while for both of the
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secondary form::, it was pfesented, as a matter of administrative

convenience, in consecutive testing periods. The completion time

for each class and programme is shown in Table 5/2.



TABLE 5/1(A)

The Sequence of Basic and Subdivisional Skills in the Trial

Validation Programme

Section 1

Page Element Number

or Basic Skill

Subdivisional Conditions

1 1/3 Position H/I/+

2 V/I/+

3 1/2 Required Co-ordinate H/I/+

4 V/I/+

5 1/1(A) Required Co-ordinate H/I/+

6 2/1(A) Req0ired Co-ordinate H/I/+

7 2/1(B) Required Co-ordinate H/I/+

8 3/2 Maximum Value V/I/+

9 Minimum Value V/I/+

10 3/1 Maximum Turning Point,
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TABLE 5/1(B)

The Sequence of Basic and Subdivisional Skills in the Trial

Validation Programme

Section 2

Page Element Number

or Basic Skill

-Stibdivisional Conditions
.'

1

2

1/3

4/3

4/2

Retest (H/I1+ and V/I/+),

Numbers and Result I/+

Position and Displacement H/I/+

3 V/I/+

4 4/1 Co-ordinates and Displacement H/I/+

5 V/I/+

6 5/4(A) Numbers and Quotient I/+

5/3 (A) Gradient and Displacement I/+

7 4/1 Retest (H/I/+ and V/I/+)

8 5/2(A) Co-ordinates, Displacement and
Gradient I/+

9 5/3(B) Tangent slope positive

10 ' 5/2(B) Contaceposition H/I/+, Tangent
slope positive

11 5/1 As for 5/2(B) with Gradient I/+
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TABLE 5/1(C)

The Sequence of Basic and Subdivisional Skills in the Trial

Validation Programme

Section 3

Page Element Number

or Basic Skill

Subdivisional Conditidns

1 6/5(B) Numbers and Result I/+

6/4(B) Dimensions I/+

2 6/3 (B) Scale Units I/+

3 6/3 (A) Straight line

5 Curie

6. 6/2. Straight line, end-points I/+

7 Curve, end-points I/+

8 1/1(B) ReqUired co-ordinate.H/1/47 1-"::"'.---

9 6/1 Straigjit line, end-points H/I/+

10 Curve, end-points H/I/+

.NOTES

(1) The abbreviations used above for subdivisional conditions

are the same as those defined in Chapter 4. (see preliminary notes

for Tables 4/1- 4/18).
1

(2) Except for retest segments, the presentation of each specified

skill involved a short explanatory or instructional, sequence, generally

containing a fully worked example, followed by two appropriate testing

questions.

(3) Section 1 contained a fatal of 24 questions (excluding those

in worked examples), and sections 2 and 3 contained respectively 29

and.20 questions.

f.
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'TABLE 5/2

Completion Times for the Trial Validation Programme

s

Section Completion Time (in minutes)

Grade 6 Form 1 Form 2

1 40 30 30

2 25 35 .25

3 25 ' 25 20
.1

TOTAL 90 90 75'

1

NOTES

(1) Section 1 contained a total of 10 pages, and sections 2

and 3 contained respectively 12 and 10. ,

(2) The sections were presented to. each claSs in proper

numerical bider, but in alternate periods for grade 6, and consecutively

to forms 1 and 2.

(3) Results for grade 6 were-taken at Oakleigh State (Primary)

School, and those for forms 1 and 2 at Oakleigh High School.'
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4. Results and Implications of the Validation Trial

e

With respect to the general applicability of the teaching and

testing materials, thei-e were no reported difficultie'S' with any

specific words or explanations of symbolic notation, but the

instructions for element 3/1 were apparently poorly understood at

all three testing levels, ang these were therefore modified for the

final validation programme. A further basic skill (designated 3/2(B)

-
in Table 5/6) Concerned with the location of turning points. was

subsequently included as a postulated prerequisite for element 3/1,

since the concept of turning points had not been previously covered,

and the omission of this explanation might in part have been

responsible for the misinterpretation of instructions mentioned above.

The amount of information provided for tegthilig.the various

basic and subdivisional skills was in most cases evidently adequate,

given that some students must fail each skill for effective

hierarchital discrimination, and in fact it may be seen from the list

of difficulty levels (Table 5/3) that most skills were below 0.5,

even for the primary (°4rade 6) class. In contrast with this, hqwever,

elements 5/2(A), 5/1, 6/2 and 6/1 all proved exceptionally difficult,

although no problems were reported with reading or understanding of

the relevant instructions, and so additional examples or explanatory

notes were provided for these skills in the fin-,l/validation

programme.

1 2
Other structural changes to the trial validation programme

included the addition of retesting segments at yerious branching

points in the postulated learning hierarchy, an fl the translocation
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TABLE 5/3

Difficulty Levels, for Basic Intellectual Skills in the Trial

Validation Programme

Element

Number*
Grade

DIFFICULTY LEVEL,

Forth 26 Form 1

1/3

1/2

1/1(A)

1/1(B)

2/1(A)
0

0.06

0.48

0.81

0.16

0.61

0.00

0.47

0.72

0.09

0.56
2

0.00

0.21

0.50'

0.05

0.42
4

2/1 (B) 0.81 0.69 0.60

3/2 - 0.30 0.16 0.18
O

3/1 , 0.52 -0.53 0.50

0.03 0.03 0.03

4/2 / 0.23 0.12 0.05

4/1/ 0.58 .0.31 0.26

5/4(A)
0 0.26 0.12 0.13

5/3.(A) 0.58 0.28 0.29

5/2(A) 0.90 0.87

5/3 (B) 0.13 0.22 3.10

5/2 (8) 0.55 0.47 0.26

5/1 1.00 0.97 0.68

t/5(8) 0.03 0.00 0.03

6/4 (8) 0.19 0.12 0.08

6/318) 0.58 0.34 0.21

6/3 (A) 0.39 0.28 0.31 '.

6/2 .4:00o 0.90 0,72 0.50 .

6/1 0.87 0.61 0.53
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MOTEn; (Table 5/3)

* (1) Th(, elew,nt !lumbers listed above refer to basic intellectual

skills outlined in the modified and final testing version of the

postulated learning hierarchy (Tables 5/4-5/10).

(2) Where several subdivisional skills were tested for a

particular element, the first of these only is presented in the table

above.

(3) The difficulty levels listed above are calculated as the

proportion of students who failed at least one of the two questions

used to test each skill.

(4) Difficulty levels for retest segments are not included

ice' the table above, but were generally lower than those for initial

presentation, suggesting some degree of learning during practice at

more complex skills. Thismight also explain the exceptionally

low difficulty level for element 1/1(B), which was presented only

in section 3.

(5) Results for grade 6 were taken at Oakleigh State School,

and those for forms 1 and 2 at Oakleigh High School.
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of olemont 1/1(11) (previously placed in section 3) to precede

element 1/1(A) in section 1, sincc'it was decided to zest for a

possible hierarchical relationship between these two' basic skills.

There were no serious instructional or computational errors

discovered in the testing questions, although in one case the answer

to a question involving, the calculation of gradient was the same

as that for a previous example, and this increased the level of

apparent guessing error. Coincidental results of this type were

therefore avoided in subsequent modifications; as were complex

calculations with a numerical result of one, since this appeared to

be the most popular utss for students lacking the relevanto

capabilities.

! From an analysis of difficulty levels associated with each of
/

.

the basic and subdij visional skills (Table 5/3), and a review of
i

Comparative result for supposedly relat elements, there appeared
*

to be no gross in onsistencies in the postulated learning hierarchy.
. i

Thus apart from t e various additions and modifications mentioned
/above, no major structural changes were made to the sequence of

postulated skills in preparing the final validation programme. An

Outline of the modi d and final testing version of the postulated

learning hierarchy,i presented in Tables5/4-5/10. The major

validation programme signed to test this learning hierarchy is

included in Volume III F,rogamme I).

It was determined f om the list 'of difficulty levels for each

element in the trial prog amme ATable 5/3) that form 1 would be the

most appropriate academic .evel for ;administration of the final

166
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validation pi-ogramme. The total proportion of skills within the

ideal difficulty range of 0.2 to 0.8, which should produce the most

effective discrimination, showed little difference across any of

the trial testing levels, but it seemed from an analysis of more

specific trends that the form 1 level would probably produce the most

acceptable overall range of specific item difficulty, without the

general problems of concentration or reading ability more evident

in lower grades, or of interference at higher levels from previous

curricular experience in related subject areas.

4>anticipated amount of time required to complete each section

of the major validation programme was derived from'the trial form 1

completion times outlined in Table 5/2. It was considered, on the

basis of these results, that an allowance of 2-3 minutes/page

should be adequate for almost every student at this level, although

it was intended, if possible, to maintain sufficient administrative

flexibility to avoid the imposition of any absolute limits on

completion time.

Having determined the necessary modifications to both the

postulated learning hierarchy and the trial validation programme,

and having established the most appropriate application level and

anticipated completion timefor the modified learning programme, more

specific preparations could then be made for the major validation

experiment. The preparation and administration of the final

validaton progral e, together with results and appropriate conclusions,

are presented in Chapter VI.
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TABLES 5/4 - 5/10

Basic Skills of Graphical Interpretation

Postulated Learning Hierarchy
C

(Modified and Final Testing Version)

INTERPRETATIVE AREA

1. Position (Co-ordinate location)

2. 'Position (Interpolation and Extrapolation)

3. Position (Turning Points)

4: Displacement

5. Gradient (Slope)

6. Area

CLASSIFICATION CODE

The first number for each element represents the appropriate

interpretative area, and the second number indicates the hierarchical

level within that area, rated downward from the relevant terminal

skill. Where letters are also used, these indicate secondary

sequences, within the same interpretative area.
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TABLE 5/4

Position (A)

1/1(A) Calculate the Horizontal

or Vertical position of a

given point, specified by

one co-ordinate, on a, two-

dimensional line-segment

graph.

157

1/1(B) Mark the position of a

point, specified by one

co-ordinate (Horizontal

or Vertical) on a two-

dimensional line-segment

graph.

1/2 Calculate the Horizontal or

Vertical position of a given

point on a two-dimensional

grid.

1/3 Calculate the position of a

given point on a single Horizontal

or Vertical number line.
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TABLE 5/5

Position (B)

2/1(A) Calculate the Horizontal

or Vertical position of

a point, specified by one

co-ordinate, interpolated

between a given row of

points on a two-dimensional

grid.

Position (C)

2/1(B)

158

Calculate the Horizontal

or Vertical position of

a point, specified by one

co-ordinate, extrapolated

beyond a given*line

segment (or row of points)

on a two-dimensional grid.

TABLE 5/6

3/1 Identify from a mixed

sample of convex and

concave curves/those

a Maximum or Minimum

Turning Point.

with

3/2(A) Calculate the Maximum 3/2(B)

or Minimum value

carve drawn on a

-dimensional grid

I
1/1(A)

of a

two-

170

Identify and mark the

Turning Point on a

given curve.

5



Displacement

TABLE 5/7

4/1 Calculate the Horizontal or Vertical

displacement between two given points

on a two-dimensional grid or line-

segment graph.

1/2 ti

4/2 Calculate the displacment between

two given points on a single

Horizontal or Vertical number line.

1*
1/3

4/3 Calculate the difference between

two given numbers. (Both numbers

and result restricted to positive

integers).

171
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TABLE 5/8

5/1 Calculate the gradient of a

curve on a two-dimensional gr,id

at a fixed point of contact

specified by one (Horizontal or

Vertical) co-ordinate.

5/2(A) Calculate the gradient

of a straight line

segment drawn on a

two dimensional

4/1

5/3(A) Calculate the gradient of

a straight line segment,

given both the Horizontal

and Vertical displacement

values.

5/4(A) Calculate the quotient of

two (Oven numbers. (Both

numbers dnd result .

restricted to positive

integers).

5/2(B) Draw the Tangent to a

curve on a two - dimensional

grid at a fixed point of

contact specified by one

(Horizontal or Vertical)'

co-ordinate.

5/3(B) Draw the Tangent to a

172

curve at a given point

of contact.



Area

TABLE 5/9
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6/1 Calculate the approximate area (by the

method of counting squares) enclosed

between two points of a given line

segment, each specified by one co-ordinate,

and the Horizontal axis of a two-dimensional

grid.

6/2 Calculate the approximate area (by the

method of counting squares) enclosed

between two marked points on a given liYM.

segment and the Horizontal axis of a

two-dimensional giid.

6/3(A) Classify the blocks to be

counted in order to calculate
4

the area of a specified

section on a two-dimensional

line-Aegment graph, where

some of the blocks are cut

by the given line.

I
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6/3(B) Calculate the area of a'

single block on a two-

dimensional grid from the

Horizontal and Vertical scale

calibration.

6/4(B) Calculate the area of a

rectangular block, given

the values for length and

height.

6/5(B) Calculate the product of

two numbers. (Both numbers

and result restricted to

positive integers).



5/1r
TABLE 5/10
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3/2(B) 0
//

5/2(A) 2 /1(A)
0 5/2(A)

2/1(B) 5/2(B)

4/1 1/1(A) (--- 1/1(B)

O 5/4(A)

Outline of the Postulated Learning Hi rchy

(Modified and FinalTesting Version)

NOTE 1

Shaded circles represent Terminal Skills
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0 6/2

/ \
0 6/3(A)
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6/3(B)

0 6/4(B)

0 6/5(B)

,....".....iiiii



...

2

CHAPTER VI .

FINAL VALIDATION OF THE POSTULATED

LEARNING HIERARCHY

(PROGRAMME I/VICTORIA
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1. Preparation and Administration of the Final Validation Programme

The organisational4structure of,the final validation programme

as the same as that outlined for the trial in Chapter V, with each

,of the basic and subdivisional skills presented in turn by means of

instructional notes, examples, and immediate testing questions.
ti

The programme was again divided into three sections analogous to

those in the validation trial, with each section involving different

-.areas of graphical interpretation. .This programme was'longer than

that for the validation-trial, since it was based on the modified

version of the posturat.ed learning hierarchy (Tables 5/4-5/10),

which incorporated certain additional skills and more complex

interrelationships between incerpretative areas, necessitating

additional retesting questions at the various branching points. 4 An

outline of these modifications, together with appropriate changes

to instructional notes, examples and testing questions, has'already

been presented in Chapter V. Tile presentation sequence of skills

for each section of the final validation programme is shown in Table

6/1, and a copy of the programme itself is included in Volume .III

(Pro4ramme I). An outline of the relevant subdivisicnal skins

included in the final validation programme, listing appropriate

pestion groups for subsequent analysis, is presented in Table 6/2.

Administration of the final validation programme involved a

1

total of 192.ferm 1 students from eleven randomk selected

metropolitan co- educational high schools in Melbourne. This sample

co;itatned approximately equal numbers of male and female student,
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ranging in age from 11 to 14 years (taken to the nearest year) with

a mean of 12.'). The number of students, invofved from each

participating school is shown in Table 03. For most of these

schools only half a class of students was involved, with the rest

of the class engaged in one of the parallel validation programmes

(see Volume III, Programmes II and//III) prepared to examine the

effects of certain situational variables on hierarchical learning.
f

These alternative validation programmes are discussed in Chapters

VII and VIII. The reasons for using two prOgrammes with each cla s

of students were to reduce the extent of copying from neighbouring

students in the class; since this is probably the most serious risk

involved in'the validation of learning hierarchies, and tb spread

the required testing sample for each of the validation programmes /
over a wider range of schools. None of the classes in participating

schoo4Cvere strdamed at the form 1 level, so that each of the

JI
i

tudent testing groups could be assumed to represent a reasonable

pectrum of academic ability.

The three instructional and testing sections of the final

validation programme were presented consecutively and in proper numerical

order, to each participating class. Since the total time involVed

was ,Ienerally more than 100 minutes, short breaks of about five

minulos wire given for relief a't\regular 30-minute intervals.

Concutive presentation of the three prOgramme sections also meant

that a considerable waiting time was involved between the firtt and

the last students to finish within each class. Thus in order to

minimise the inevitable interferencewith those still working on
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the programme, students who finished were either promptly removed

from the classroom or givpn'some alternative form of individual

activity. A list of both the shortest and longest completion times

for each class is presented in Table 6/3.

In order to determine'more accurately the rateat which students

progressed through various stages of the validation programme, a

single class was used to provide information on the number of pages

completed at specified five or ten inute intervals. This

information was intended to determine whether common fluctuations'in

working rate might occur at partitular times or in certain,. egments
_ _ _:, _ _ _ _ _ _

.

. -

of the programme, dr more particularly to reveal the existence of

any familial'isation lag at the beginning_of the programme, or

1

gradual decline in rate toward the end. The result of this analysis,

shown in figure 6.1, indicatd a generally Cdnstant w rking rate, and

are consistent with the observations reported,by White (1971/pp 114-

- 116), based on a different informational technique, for a similar

type of validation programme.
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TABLE 6/1(A)

Sequence of Basic and Subdivisional in the

Final Validation Progime

Section 1

1

. Page Elem nt Number Relevant Subdivisional Conditions

(Basic Skill)

1 1/3

2

3 1/2

5 1/1(B)

1/1(A)

8 - q 2/1 (A)

0 2/1(B)1

1/2

13 3/2(A)

16 3/2-(B)

3/1

Position H/I/+.

V/I/+

Required Co-ordinate Ii /I /+

V/I/+

Givep,co-ordinates V/I/+ and H/I/+
also Straight line/curve

Required Co-ordinates H/I(+ and V/I/+

also Straight line/curve

Required Co-ordinate H/I/+
-

Required Co-ordinate H/I/+ from Line
or row of points

Co-c:dinates H/I/+ and V/I/+ (Retest)

Maximum Value V/I/+

Minimum Value V/I/+

Maximum/Minimum Turning Points

Maximum Turning Point.
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;TABLE 6/1(B)

Sequence of Basic and Subdivi ional Skills in the

Final ValidatiOn P ramme

Section 2

Page Element Number Relvant Subdivisional Conditions

(Basic Skill)
J

168

f

1 1/3 Position H/I/+ and V/I/+ (Retest)

4/3 Numbers and --JSult I/+

2 4/2 Position and Displacement H/I/+

3
\\

V/I/+ _

4 1/2 Co-ordinates H/I/cf. and V/I/ (Retest)

5 4/1 Co-ordinates and DisplaceMent H/I/+
V/I/+

7 5/4(A) Numbers and. Quotient I/+

5/3(A) Gradient and Displacement I/+

9 4/1 Co-ordinates and Displacement H/I/+
and V /I /+ (Retest)

10 5/2(A) Co-ordinates, Displacement and
Gradient all I/+ \

12 5/3(B) Tangent Slope Negatiye Curves

Convex and Concav

13 1/1(B) Co-ordinates H/I/+, Curve (Retest)

14 5/2(B) Contact pointii/I/+, Tangent
Slope Negative and, Positive

15 5/2(A) Retest (conditions as before)

16 5/1 Contact point H/I/+, Gradient I/4-,

Convex and Concave ,Curves
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TABLE 6/1 (C)

Sequence of Basic and Subdivisional Skills in the

Final Validation Programme

Section 3

Page Element Number elevant Subdivisional Conditions

(Basic Skill) ,

1 6/5(B) Numbers and Result I/+
Range <10 and >10

6/4(B) Dimensions and Result I/+

2 6/3(B) Scale ()nits I/+ (<10)

4 6/3(A) Straight line segment and Curve,
End-points I/+

6/3(B) Scale Units I/+ (Retest)

6/3(C) Range >10

6/2 Straight line segment and CurVe,
End-points I/+

10 r 1/1(B) Co-ordinates F1/1/+ with.Straight line
segment and Curve (Retest)

12 6/1 Straight line segment and Curve,
End-points I/+, Scale Units I/+
(<10)

The abbreviations used above for subdivisional conditions are the

same as those defined in Chapter IV (see preliminary notes for

Tables 4/1-4/18).

'2. Except for retest segments, the presentation of each specified

skill involved a short explanatory or instructional' seqUence,

generally containing a fully worked example, followed by two

appropriate testing questions.



NOTES (Table
0 /1i1)

3. Section 1 contained a total of 42 questions (excluding those

in worked examples) and sections 2 and 3 'contained respectively

38 and 32 questions.
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TABLE 6/2

The Claf;sific tion of Subdivisional Skills Included in the

Final Validation Programme

Element

Number
Que ion
Grou.

Relevant Subdivisional Conditions

1/3 1 Positioh H/I/+

2 V/I/+

1/2 1 Required co-ordinate H/I/+

2 V/I/+

1/1(B) 1 Straight line, Given co-ordinate H/I/+

2 'V/I/+

3 Curve, Given co-ordinate H/I/+

4 V/I/+

1/1(A) 1 Straight line, Required co-ordinate H/I/+

2 V/I/+

3 Curve, Required co-ordinate H/I/+'

4 V/I/+

2/1(A) 1 Required co-ordinate H/I/+

2/1(B) 1 Straight line, Required co-ordinate H/T/+

2 Row of Points, Co-ordinate H/I/

3/2(A) 1 Maximum Value V/I/+

2 Minimum Value V/I/+

4/2, 1 Displacement H/I/+ ,

2 V/I/+

4/1 1 Displacement y/1/4-

-2 V/I/+
rt

6/5(B) 1 NumericaleVariables <10

2 >10

.6/3(A) 1 Straight line segment

2 Curve

6/2 F 1 Straight line segment

2 Curve

6/1 1 Straight line segment

2 Curve
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NOTES (Table 6/2)

1. The table above outlines the variable conditions for each of the

bas.c skills in which different subdivisional groups were used

for the final validation programme. Other conditions or

restrictions not listed above are assumed to be constant for

each of the relevant' subdivisional skills.

2 Elements not listed above were restricted to a single pair of

questions representing only one of the subdivisional classification

groups outlined in Chapter IV. The relevant conditions are

also discussed for eacr of these basic skills in Chapter V (sections

2 and 4).

3. The classification symbols used above are the same as those defined

in Chapter IV (see preliminary notes for Tables 4/1-4/18):

4
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TABLE.6/3

Sample Numbers aneCom letioh'Times for the Final Validation

Programme

O

Number of
HIGH'SCHOOL Students in

Sample

Shortest
Completion
Time (mins.)

Longest
Completion
Time (mins.)

Blackburn 21 57 116

Brighton 14 52 120

Caulfield. 18 48 105

Dandenong 17 63 110

Essendon 14 60 94

Frankston 15 65 122

Heidelberg 58 145

Kew 12 37 116,

Lakeside 16 67 107

Monash 19 52 93

Norwood 32 40 92

Mean Completion Time 54.4 119,9

Standard Deviation 9.8 15.6
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FIGURE 6.1

Progression Rate for Programme I

(NOrwoodHigh School)
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NOTES

1. Circles indicate the mean number. pages completed at specified

times.

2. Vertical lines represent the appropriate Standard Deviation.

3. Numl)er of students involved = 32.

186



175

2. Results and Implications of the Final Validatglon Programme

The analysis of postulated hierarchical relationships followed

in general the method proposed by White (1971), although some_

important modifications were made to the statistical validation

technique (see also White and Clark 1973). The null hypothesis

used by White was that no exceptions, other than those arising through

errors of measurement, should occur to any postulated hierarchical

sequence. It was-considel-ed in this case, however, that such a

rigid hypothesis was probably unro:distic, since it ignores the

possibility of exceptions arising through the use of unidentified

prerequisite skills or alternative learning pathways. The

.

calculation of displacement, for ex ple, is postulated in the

present hierarchy,to be dependent on the skills of subtraction and

individual point location, but might also be achieved by counting

the number of marked divisions from one point to the other. This

V

method, which bypasses the postulated prerequisite skills, is

relatively inefficient, and therefore rarely used, but its very

existence would probably invalidate the postulated sequence of skills

under the conditions of absolute dependence imposed by White (1971).

Less obvious alternative procedures might also be used for calculating,

linear displacement, and it seems unlikely that every conceivable

prerequisite skill could be accommodated in a 1;mited research design.

In accordance with this argument, ikwas decided that some degtee

of flexibility shoule, be incorporated in the statistical validation

technique. Thus in order to accqunt for a range of possible

exceptions(other than those arising through errors of measurement)
-ra.

1.87
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to any particular hierarchical sequence, the null hypothesis was

proposed and tested at three different levels of stringency. The

most critical case, which was the same as that used earlier by White

(1971), involved an absolute assumption of no exceptions, while the

two `'weaker" null hypotheses both allowed some small proPortiori of

unqualified exceptions. The latter cDnditions are probably

consistent with Gagne's (1968,1970) more recent orientation toward

substantial, rather than absolute hierarchical dependence with respect

to specified sequences of related intellectual skills.

An additional modification to White's (1971) design was that the

specified propo.rtion of exceptions for both of the weaker null

hypotheses- was tied, for each comparative test, to the number of

students who succeeded at tlie higher skill. This adaptation was made

to cover the .extreme situations where very few student's succeeded at

the highef skill, since it w6uld be pointless in such eases to expect

the same fixed proportion of the total sample to achieve the higher"

skill without having the postulated prerequisite, that is, to expect

.

the same overall proportion of exceptions to the postulated hierrehical

relationship. The alternative hypothesis proposed by White (1971)

involvedma specified proportion of excel. ,ions based only on the total .

sample, and was therefore considered to be inadequate for the type of

sjtuation outlined above. The alternative hypothesis proposed for
A

tile calculation of power in this research was similar in form to the
a

weaker null hypotheses, but involved a considerably hir,her proportion

(0.10) of anticipated exceptions. A more detailed statement 6' the

nu/1 and alternative hypotheses i4,presented in the preliminary notes

188
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for Tables ,6/4 -6/25.

The overall level of significance (or prolx,ility of false

177

rejection) for analysis of the 61 postulated hierarchical connections

involved in the final validation was selected as 0.05, so that the

individtial probability of a Type 1 error for any single step was

61 v0.95determined by the expressioq a = - = 1- = 0.00087 '

(or approximately 0.001). The power was determined.for each of the

null hypotheses against the same alternative, and was used as an,

indication of confidence in each specific conclusion., The decision

on acceptance or rejection of each postulated connection was based on

the calculation of a critical number of exceptions permitted under

the appropriate null hypothesis. The empirical validati results

for the 61 connections of the postulated learning hierarchy (final

testing version) are presented in Tables 6/4-6/25. Test/retest,

correlation results for certain basic skills are also included in this

analysis.

The analysis of relevant subdivisional skills included in -the

Validation programme was similar to that described in'Chapter IV.

The overall level of significance for this analysis was also choseu

as 0.05, so that the individual probability of a type I error in any
a

r---
of the 20 comparative tests was given by the expression a = 1 -

20
v0.95

0.0026. The results of this analysis are presented in Tables

6/26-6/30, and the classification of relevant subdivisional conditions

and appropriate question groups has already been outlined in Table 6/2,

A review of the validation and subdivisional analysis results for

10

1
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Programme 7 suggests that the modified version of the postulated

ti

learning hierarchy was generally well substantiated, in spite of

a.few anomalous and occasionally contradictory results. A more-

178 .

detailed explanation of these results is presented below in relation.

to appropriate areas of graphical interpretation.

With respect to positional skills (areas 1-3), the empirical

validation results were often inconsistent, although the general

patternlof hierarchical relationships' is relatively clear. The

ppstulated relatiOnship between elements 1/2 and 1/1(A), which was

derived from a close inspection of the relevant operational instructions

fo "each cirthese basic skills, was that the 4liorizontal"-and

"Vertical" snb5liviSional.groups of

dependent on

-was tested in

subdivisional

level in one

element 1/1(A) were individually:

both ..naldgous groups from element 1/2. This relationship

four supposedly.iparallel situatiodt-under different
o.

conditions, and was accepted as valid at the absolu

of these, and t a-weaker level in `two; others, but was

rejected in the fourth case at all three null hypothesis levels (see

Figure 6.2). As a tentative general Cinclusion the postulated

relationship would probably be accepted, but the inconsistenn;these

result would suggest r ervallons in this judgment.

In contrast with the inconsIstencies above, the postulated

/

hierarchical connections between' elements 1/2 and 1/1(B), and between \-

1/1(B) and 1/J(A), each tested in four parallel subdivisional groups,
A
V

were both unequivocally resolve, but with opposite conclusions.

1ement 1/2 was rejected at all three Ho levels as a prerequisite for

the constructional skill 1/1 (B) , although the latter wa accepted

.

9



.at thr_tabSoltate level as a subOrdinate skill to element 1/1(A). The
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postulated parallel connections between analogous subdivisional groups

for. elements 1/2 and 1/3 were also both accepted, but at a weaker

level. The independence. of specified subdivisional groups within

eaoh of these basic skills is substahtiated by the relevant

analytical results outlined in Tablds-6/26,and 6/27 ;and these results

in turn establish the independence between parallel hierarchical

relationships involving different subdivisionkl skills.

The postIllatcd idterrelationships between element 2/1(B) and both
.

of the tm-mina1 skills for area 1 were accepted at different,Ho levels

for each subdivision of the higher skill, although analogous connections

for element 2/1(A) were rejected even at the weakest Ho level (Figure

6.3). 211,41 of these tes%s, however, the power was exceptionally

low,and reflected gros inconsistencies in response for apparently

similar questions: The same inconsistent trends in response were

apparent in area 3 (see Figure 6.0, where element 1/2 was _ejected,
. \

and 1/1(1 accepted, as a prerequipte skill for bpth subdivisional

groups ofelement 3/2(A). rt.is also interesting to note that element

l/2 was pneviously rejected as a prerequisite for 1/1(A) under the

same !!:Ubdilvisional conditions, although parallel connection's were

accepted 4r different subdivisional groups. The other hierarchical-: hierarchical

i
- \

.

connections involved in area 3 were all(aCeepted at the absolute Ho

.

level, a

The

hough again the power was exceptionally

4
ifference between interpolation land extrapolation skills

(area 2), land betwecen the two subdivisional groups' of element 2/16)

i

ft.
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(extrapcilat,ion), is'shown by the results in Table 6/28. In contrast

with rh1 however-, the postulated subdivisional-groups for elements

3/2(A), 1/2.and 1/3 appear in each respective case to represent the'

same ability, although for element 1/3 (Retest) the difficulty level

is obviously too low for reliable discrimination.

'Test /retest correlation results for elements 1/2 and 1/1(A) (see

Table 6/\1) suggest that many students were able to learn these two

subordinate skills in the process of attempting_more_complex capabilities.

hapter V that these students should be

classified as "legitimate" exceptions to the postulated hierarchical

se4d nce, the repetition of similar instructional prOcedurestin
.

Although it was argued in

k 1

prdgrssively complex examples May effectively involve reteaching the
! I

simpler or subordinate skills, and thus invalidate this assumption.

It would seem, therefore, that in cases where a number of similar skills

are involvedthe regular retesting-method adopted by White (1971)

may be e.-.sential for effective hierarchical discrimination.
_

Although all of the postulated hierarchical connections involved

in areas 4-6 were.accepted at the absolute null hypothesis level (see

,Figures 6:5-6.7)c the power was ofte extremely low, reflecting again

I

at loast to some extent, the inconsistency In response for supposedly \
similar queAions. This was not a .-esult of testing .fatigue, since

' f

it was evident in all three sectiThs of the Valioation_programme, nor

was it caUsed_through any obvious sygtematic errors, or lack of

underptanding withirespect to 'either questions or instructions .

Moreover ;inco ttw questions used for'each Of the basic skills were

repro,,en1,1Lvw-of /the same established subdivisional group,. it seems
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unlikely that these were too loosely defined to expect a more

consistent response. Thus it seems that the observed inconsistency

may simply be a feature of the age or academic testing level, which

was considerably lower than that for/the earlier validation study

by White (1971), and may therefore be particularly difficult to

overcome. Some improvement could possibly be achieved by the use

of additional testing questions for each of the basic skills, although

this would substantially increase the length of the validation

piogramme,'and hence also the administrative inconvenience.

An alternative reason to explain in part the exceptional lack of

power, particularly for more complex capabilities, is.that'the

,)
proportion of exceptions (rk relation to the total sample) permitted

vat&

under She alternative hypothesis was defined as a fuhction of the

difficulty level feir the sueerordinate skill. Thus if the number of

students possessing the higher skill is very small, then the conditions

of the null,and alternative hypotheses are similar, and the power is

accordingly low. It sh uld be emphasised, perhaps, that this

explanation does not pro ide a total substitute for the effects of

inconsistency outlined above.

Another problem of statistical power, also influenced to some

.

extent by the qeneral response inconsistency, occurred ina number of

cases whew very few students lacked the relevant subordinate skill:

In extreme situations of this type, the expeCted number of exceptions

undeV r tile absolute null hypothesis was higher than the total number of

students who failed the subordinate skill, so that the postulated

hierarchical connection could, not possibly be rejected (see Tables

.193
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6/4(B), 6 /15(B), 6/16(A) and 6/21(3)). We might expect in such

circumstances that the power"should be particularly low, but since

the alternative hypothesis did not take account of the subordinate

skill difficulty level, the power for these tests was often

unrealistically high. I seems, therefore, that an additional.

. modification to the alternative hypothesis may be required to take

account of possible extremes in the subordinate skIll difficulty level.

The subdivisional analysis results for elements 6/1 and 6/2

(Table 6/30) suggest that the calculation of area under straight line

segments and curves involves respectively different subdivfsional

skills, although for element 6/3(A) the analogous classification groups

are represented by the same ability. The result above for element 6/2

is in conflict with that reported in Chapter V, although the earlier

analysis was based only on recollection from past curricular experience,

rather than immediate recall from a more specific instructional

programme, and would therefore be less reliable.

Apart from the outrighe'iejection of a few of the postulated

hterarehical connections in areas 1-3, and occasional inconsistencies

observed for parallel subdivisional rdlationships in the same

mterpretative areas, the postulated learning hierarchy (tinal testing

version) was accepted as valid within the specified range of null

hypothesis levels. Most of the connections (including ail in areas

4-6) were accepted at the absolute'Ho level, and others under somewhat

less stringent, but nevertheless realistic conditions. Certain

'

reservations must be made, however, for the common inconsistencies in

question response and the consequent loss of power, although the

1 94
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complicating effect of element difficulty on this index has already

been explained.

Although the validation study outlined above was concerned with

general intellectual skills of graphical interprftation, the extrapolation

of results is limited by the previously imposed restriction to a

,c7..ingle abstract informational model with variables X and Y. It was

considered important, therefore, to determine whether the same

specific pattern of hierarchical relationships, or of vertical opt

4equentiat transfer, would operate in a somewhat different informational

situation.
...

Thus an analogolis study was conducted'with a parallel
, -

41.

validation programme, which involved the same intellectual skills

applied to a more concrete or potentially meaningful informational

model. The preparation and administration of this programme, together

with results and implications of the subsequent validation studY; are

presented in Chapter VII.
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TABLES 6/4-6/25

Validation Results for the Postulated Learning Hierarchy

PRELIMINARY NOTES

(Final Testing Version)

.

184

1. The following tables preset the results for each of the postulated

hierarchical connections between basic and subdivisional skills

incorporated in the final validation ,programme. These results are

presented in correlation matrix form, listing the number of

questions correct for each element, and the, appropriate marginal

totals.,

2, Where elements are presented under several different subdivisional

conditions (see Table 6/2), the particular classification for these

conditions is given after the element or basic skill code. The

classification and definition fore each element is outlihed in

Tables 5/4-5/10 (Chapter V), and the abbreviations used for the

variouv,,subdivisional conditions are listed below.

4.

SUBDIVISIONAL CLASSIFICATION CODE

i. Axis Orientation''''

H Horizontal

Vertical

ii. Nature of graphical information

S Straight line segment'

C Curve

P Row of points

3

4

Other relevant conditions are outlined in Table 6/2.
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3. The null h ')pothesis is defined at each of the following levels.

(a) Ho (0.00) The proportion of those students possessing

the higher skill who do not have the postulated

prerequisite = 0.00.

(b) Ho (0.01) The proportign of those students possessing

the higher skill who do not have the postulated

prerequisite = 0.01 (or less).

(c) Ho (0.02) - The proportion,of'those students possessing

the higher skill who do not have the postulated

prerequisite = 0:02 (or less)

The alternative' hypothesis (Ha) stipulates that the proportion

of those students possessing the higher skill who.donot have the

postulated prerequisite = 0.10 (or less).

4. The critical number of exceptions (C) permitted in the 0/2 cell

of the relevant correlation table is listed for each level of

the null hypothesis, together with the power calculated for each

of these Ho levels against the same alternative hypothesis

185'

(defined above).

5. Element 6/3(C) (not previously defined in Chapter V) involves the

0

skill of counting squares on a two-dimensional grid.
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(A)

. 2

ELEMENT .

1
1/3-H

0

T

TABLE 6/4
O

186

ELEMENT 1/2-H

0 1 2 T

,

51 10 119 180 Ho POWER

0 2 3 0.00 2 0.9997

2 3 4 9 0.01 6 0.9675

9
N6

54 13 .12.5 192 0.02 .6.7989
.

CONCLUSION 'The postulated connection is accepted as valid at

the second (0.61) Ho level.

(B)

0 .1 2

ELEMENT 1/2-v

p

ELEMENT
1

1/3-V °

0

T

49 8 126 183

3 0 0 3

3 1 2 6

T 55 9 128 192

Ho C POWER

0.00

0.01

0.02

1 '1.0000

6 0.9736

9 0.8249

CONCLUSION The postulated connection is accepted as valid at

the second (0.01) Ho level, although the power at this level is

unrealistically high.

(C)
ELEMENT 1/1 (B)-V/S

0 1 2 T

2

ELEMENT

I/2-V
1

0

34 12 82 128

1 1

32 8 15

9

55

'T 73' 21 98 192

Ho C POWER

0.00 5 0.9531

0.01 7 0.8263

0.02 9 0.6036

CONCLUSION The postulated connection is rejected as invalid at

'll three specified Ho levels.
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(A)

TABLE6/5

ELEMEMT . 1/1 (A) -Ws

0 1 2 T

2 15 5 78 98

ELEMENT
1 6 15 0 21

1/1(B)-V/S

0 67- 6 0 73

TI 88 26 78 192

Ho

187

POWER

0.71871

-0,4560 ---

0.00

0.01_

0:02

7

10 0.3307

'CONCLUSION The postulated connection is accepted as valid at

the,absdfute Ho level, although the power ,,is relatively low.

(B)

2

ELEMENT ,1

1/2-V

0

'T

ELEMENT 1/1 (A) -H/s

0 1 2 T

37 18 73 128

8 1 0 9

43, 7 5 55

88 26 '78 192'

Ho C POWER

0.00

0.01

0.02

5 0.8541

7 0.6149

9 0.3416

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

(C)

2

ELEMENT
1

1/2-H

0

'ELEMENT 1/1(A) -1-1/s

0 1 2 T

32 19 74 125

13 Co 13

43 7 4 54

T 88 26 78 192

CONCLUSION The postulated connection is accepted as )va2.4.clat

Ilse absolute Ho level, although the power is relatively low.

HO C ROWER

0.00 5 0:8594

0.01 7 0.6242

0.02 9 0.3510
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,ELEMENT

1/2-H

ELEMEtiT 1/1(B)-H/S

2

0-

0 1 2 T

Ho C POWER21 15 89 125

9 1 3 13 0.00 8 0.8570

29- 0.665615 54 10

59 26 107 192 0.02 12 0.4306

CON CLUS I ON The postulated connection is rejected as invalid at

all three specified Ho levels.

(B)

2

ELEMENT
1

1/1(B)-H/S
0

T

188

ELEMENT 1/1 (A) -vis

O. 1 -2 T .

15- 4 88 107 Ho POWER

12 1 26 0.00 0.8152

54 5 0 59 0.01 9 0.g867

82 21 89 192 0.02 11 . 0.3387 t

CONCLUSION The postulated connection is accepted as valid at

the absolute Hoilevel, although the power is relatively low.

(C)

ELEMENT
1

L

CO

2

0

T

ELEMENT vi (A)-v/s.
0 1 2 T

31 15 79 125 Ho C POWER

.11 1 1 13 0.00 5 0.9187

40 5-- 9 54 0.01 7 0.7420

82 21 89 192 0 .02
C

9 0.4850

dD

NCLUS I ON The postulated connection is

thi.

pdrt

accepted as valid .0.

third (0.02) Ho level, although the power at thiS ffiyel 1-;

icularly low.
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(A)

ELEMENT

1 /2 -v

TABLE 6/7

ELEMEIT 1/1(A)-v,s

0 1 2 T

2 35 14* 79 128 Hp C

1 5 3 9 0.00 5

0 42 4 9 >55 0.01 ,7

T 82 21 89 192 "0.02 9

POWER

0.9145

0.7327

0.4733

%.

CONCLUSION 'The pd validstulated connection is accepted as lid at

the third,(0.02) Ho leVel, although the power at this level%is

- Particularly low. I

(B)

ELEMENT

1/2-v

2

1

0

/T

ELEMENT 1/1(3)-v/c

0 1 2" p

C POWER.22:; 917- 7f2i3 Ho

2 3 4 9 0.00 8 0.9247

25 6 44 55- 0. of 10 0.7907

49 24 119 192, 0.02- 12 0.5857

CONCLUSION The postulated connection

all three specified Ho

(C)

ELEMENT.

1/1(B)-v/C

iS rejected as invalid at.

189

ELEMENT 1/1 (A )

0 1 2 T

ti

2 26 3 90 119 Ho C POWER

1 9 15 0 24 0.00 7 0.7992

0 44 5 0 49 0.01 8 0.6888

T 79 23 90 192
0.02 10 0.4346

,CONCLUSION The postulated connection is accepted as valid at

the absolute Ho love', although the power is relatively low.
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ELEMENT .

1/2-V

ELEMENT

1

d

190

TABLE 6/8

1/1 (A) -II /t:

2 T

Ho C POWER

0.0O. 5, 0:9245

0.01 :7 0755/

0.02 9 0.5022

CONCLUSION The postulated connection is accepted as valid at

the third (0.02) Ho level, although the power at this level is

,particularly low.

0

. ELEMENT(B)
1/1(A) -H/C

0 1 2 T

30 13 82 125

ELEMENT

1/2-8
1 11 2\ . .0 13

0 38 8 . 8 54

T '79 23 90 192 b

HO C POWER

0.00 6

0.01

0.02 9 '0.6133

0.8602

8 0.6441

CONCLUSION The postulated connection is accepted eag valid at'

the second (0.01) Ho level, althoUgh the power at this levelois

relatively low.

ELEMENT

0

T

EL-EMENT

0 1

1/1(B) -H/C,

2 T

35 4 86 125

10 1 2 13

33 3 18 54

78 106 192

Ho C POWER

0.00 3. 0:9956

0.01 6 238

0.02 9 0.6564

CONCLUSION The postulated connection is rejected as invalid at

all three specified Ho levels.
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1,

(A).

TABLE '619 -

-ELEMEMT 1/14A) -V;(2.

)2

ELEMENT

,;

0 1 2 T

16 3 87 106

1/1(1;)-H/6 1
4 4 0

_ 0 60 18 0 78
!

80 25 87 192

HO C POWER

0.00

0.01

0.02

7

8

10

0:7752

0.6584

0.5006

CONCLUSION Tht postulated connection is accepted as valid at

the 'absolute 110 revel, although the power is relatively low.

I (B)
ELEMENT 1/1 (M-v/c

0 1 2 T

2 36 13 76 125 Ho C

ELEMENT
4

1 . it 1 13 0. 00 - 6
1 /2 -H

0 33, 11 10 54 0.01 8

T 80 25 87. 192 0.02' 9

POWER

0.8432

0.6153

0.482'4

CONCLUSION The postulated connection is rejected as invalid at

all three specified Ho level.

(C) ELEMENT 1/1 (A)-v/c

0 ) 2 T

2 38 15 75 128 Ho C POWER
ELEMENT

1/2-V
1 7 1 1 9 0.00 0.8372

0 35 9 11 55 0.01 8 0.6053

T 80 25 87 192 0.02 0.47.19

. CONCLUSION Thf postulated connection is rejected fh, invalid

.1 .(! slug :i I i fAttile level's:

203
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(A)

TABLE 1, /10

ELEMpT 2/1(.4)711/P -

/2

ELEMENT
1/1(A)-H/S'

0

T

0 1 2 T

15 8 55 78 Ho

18 1 7 26 0.00 9

60 14 14 :88 0.01 10"

9.3
23 76 192 0.02 12

POWElip

0.5177

0.3895

0.1833. I

/ -
CONCLUgTin The postulated connection is rejected ab invalid at

all three'spe`CifiedHo levels,

(B)

2

ELEMENT
1

1/1.(B)-V/S
0

T

'ELEMENT 2/1(A)-H/P

0\ 1 2 T

`Ho C POWER32 \ 9 57 98

13

-41

6 21 0.00 7 0.6663

...48 12 13 73 0.01 8 0.5302-

453 '23 76 192 . 0.02 10 0.2758

CONCLUSION The postulated cons edtion is rejected as invalid at

all three specified Ho levels.

.r
(C)

2

ELEMENT

1/1(A)-H/S
1

0

T

ELEMENT 2/1(B)-ws

0 2 T

18 8 52\ 78 Ho C POWER

113 2 6 ,26 0.00 8 0.5198

65. 12 11 88 :0.01 9 0.3852

101 22 69 192 0.02 11 0:1729

CONCLUSION The postulated- connection is .accepted as valid at

t}ic third (0.02) Ho level, although the power at this level is

extremely'low.

192.
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(A) ELEMENT

0 1

TABLE 6/11

2/1 (B),H/S

2 T

, 2 34 11 53 98

ELEMENT
0 8 21

1/1(B)-V/S

0 54 11 8 73

T 101 22 69 192

D

Ho j C POWER

0.00 6 0.6900

0.01 8 0.405

0.02 0.2788

CONCLUSION' The postulated connection\ds accepted as

the .second (0.01) Ho.level, although the dower at this level is

valid at

partidularly

(B)

low.

ELEMENT ,2/ys).--tvp

0 1 2 T

\\

22 7 49 78 Ho C

ELEMENT.
1 19 3 4 26 0.00

1/1 (A)-H/S

0 64 16 88 0.01 9

T 105 26 61 192 0.02 10

POWER

0.4092

0.2823

0.1811

. CONCLUSION Th 'p stulat4d connection is accepted as valid at

the absolute Ho leve although the power is particularly low.._

(C) .

2

ELEMENT

1/1(N-V/S
1

:0

ELEMENT 2/1 (B)

T

98

21

73

0 1 2

39 10 49

5 4

54 11

T 105

8

26 61 192

Ho

.0.00

0.01

0.02

C POWER

6 0.5899

8 0.3017

9 0.1918

CONCLUSION The postulated connection is accept

the second (0.01) jib level, although the power at this level is

fiarticularly low.

as valid at

c1.6
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(A)

,

ELEMENT

1/2-V

194

TABLE- 6/12

2

'

1

0

T

ELEMENT 3/2 (A) -Max .

0 1 2 T

,C POWER23 22 71 116 Ho

.9 5 3._. 17 0.00 `10 0%6219

31 7 21 0.01 12 0.3839

63 34 ' 95 192 0.02 13 0.2787

CONCLUSION' The poStulated connection is rejected as invalid at

all three, specified Ho levels.

(B)

2

ELEMENT
1

1/1(A)-V/C

0
1

ELEMENT 3/2(A)-Max.

0 1 2 T

24 25 76

12. 6 6

27 3 -13

125

24,

43 ;

T. 63. 34 95: .1921

i

CONCLUSION The postulated connection is

all three specified Ho levels.

(C) 'ELEMENT 3/2 (A) -Min.

0 1 2 T

2

ELEMENT
1

1/2-V

0

20 29 67 116.

7 6 4 17

24 10. 25 59

T 51 45 96 192.

Ho --POWER

0.00 9 0.6846

0.01 11 0:4417

0.02 12 0.3273

rejected as invalid at

Ho C POWER -

0.00

0.01

0.02

15 0.2923

16 0.2079

17 0.1411

CONCLUSION The postulated connection is rejected as Invalid at

all three specified Ho levels.

206

ce""



(A)

TABLE 6/13

ELEMENT 3/2 (A) -Min.

2

ELEMENT
1

1/1(A)-V/C

0

T 51

0 '1 2 1*

19

11

21

27

7

11

79

6

11-

45

125

24

43

192

HO C POWER

0.00

0.01

0.02

13 0.3556

14 0.2570

15 0.1765

.

ONCLUSI ON The poStulated connection is- accepted as valid at

the absolute'Ho:leyel, although the power is particularly low,

(B)

2

ELEMENT
1

3/2(B)

0-

T

ELEMENT 3/1`

0 1 2 T

58

4

17

62

2

2

44

1

'79 66 47

164

7

21

192

HO C POWER

0.00

0.01

7 0.1173

8 0.0574

0.02 9 0.0256

CONCLUSION The,postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

ELEMENT

3/2(A)-Max.
1

0

ELEMENT 3/1

0 1 2

22

16

41

33

15

18

40

3

4

T

95

34

63

T- 79 66 47 192

'HO C POWER

0.00

0 ..0-1 .

0.02

15 0.0218

-16 0.0107

16 0.0107

...-GONCLU8ION The postulated connection is accepted as valid at

the absolute Ho level, although -the f5owpr is extremely low.
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(A)

2

ELEMENT

3/2 (A)-Min.

0

T

TABLE 6/14

ELEMENT 3/1

0 1 2 T

24 35 37, 96

21 16. 8 45

34 15 2 .51

79 66 47 192

Ho C POWER

0.00 14 0.0233

0.'01 15 0.0113

0.02 15 0.0113

CONCLUSION The postulated connection is accepted As valid at

.the absolute Ho level, although the power.is extremely low.

(B)

2

ELEMENT
1

1/2-V

0

T

ELEMENT 1/2-V (Retest)

0 1, 2 T

23 7 98 128

6 2 9

30" 8 17 55

59 17 116 192

Ho

0.00

POWER

5 0.9854

0.01 8 0.8711

0.02 10 0.6895

CONCLUSION This skill was acquired by a significant proportion

of -students ifi the process of attempting more complex capabilities.

(C)

ELEMENT

1 /1(A) -V

2

1

0

T

ELEMENT 1/1(A) -V (ReteSt)

0 1 2 T

1 5 81 87 Ho POWER

4 5 16 25' 0.00 14 6.7336

38 14 28 80 0.01 16/ 0.5408

43 24 125 192 0.02 18 0.3445

CONCLUSION This skill was acquired by a signi cafht proportion

of students in the process of attempting more comptEx capabilities.
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TABLE 6/15

(A)

2

ELEMENT
1

4/3

0

T

ELEMErt 4/2-H

0 1- 2 T

C32 8 145 185 Ho

3 0 -- 4 0.00 2

3 0 0 3
0: 01.

38. 8 146
0.02"

192
10

POWER

1...0000

.0:9794

0.8633

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B) ELEMENT 4/2-v

0 1 2 T

2 34. :50 101 185 Ho C -POWER

ELEMENT
1 2 1 4- 0.00 4 0.8754

4/3

0 3 0 0 3
0.01 6 0.6306

T 38 52 102 .192 0.02 0.3413

CONCLUSION' The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.

(C)

ELEMENT

1/3-H

ELEMENT 4/2-H

0 1 2 T

2 36 7 146 l89 Ho C

1 0 0 0 0 0.00 1

0 2 1 0 3 0.01
7.

T 38 8 146 192 0.02 10

POWER

1.0000

0.9792

0.8624

CONCLUSION The postulated connection is accepted. as valid at

the absolute Ho levpl.
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(A)

2

ELEMENT'
.11

1 /3 -V

0

T

TABLE 6/16

ELEMEilT 4/2-V

0 1 2 T.

34 51 101 - 186 Ho

1. 0 1 2 0.00 4

3 1 0 4 9, 01 6

38 52 102 192 0.02 8

POWER

0.8864

0:6523

0.3638

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level,-although the power is unrealistically high.

.(B)

ELEMENT

4/2-H

0

T

ELEMENT 4/1-H

0 f 2 T

24 21 101 146 Ho C

2 '1 5 8 0.00 5

37 0. 1 38 0.01% 8

63 22 107 192 0.02 10

POWER

0.9700

0.7917

0.5657

CONCLUSION The postulated connection is accepted'as valid at

. the absolute Ho level.

(C) ELEMENT 4/1-V

0 1 2 T..

2 16 14 72 102 Ho C POWER
ELEMENT
4/2-V 9 2 41 52 0.00 14 0.6242'

0 35 2 1 38 0.01 15 0.5201

T r,0 1Is 1 -14 192 0.02 17 0.3202

CONCLUSION The postulated connection is accepted ,as valid at

the absolute Ho level, although the power is particularly low.
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(A),

ELEMENT

1/2-H

TABLE 6/17 o'

ELEMENT 4/1-H

0 1 j T

20 14 99 133

1 8 18

0 37', 0 -41

T 63 22 107 192
(

Ho C POWER

0.00

0.01

0.02

6 0.9467.

8 0.8218

10 0.6097

CONCLUSION The postulated connection is accepted as valid at

the .absolute Ho level.

(B)

2

ELEMENT
1

1/2-V
0

T

.ELEMENT 4/1-V

. 1 2 T

19 8 98
..

125

7 1 13 21

34 9 3 46

60 18 114 192 .

UN,

HO C POWER

0.00

0.01

0.02

6 0.9687

0.8040

*11 0.5946

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

ELEMENT

5/4(A)

2

1

0

T

ELEMENT 5/3 (A)

0 1 2 T

41 6 1158 155

8 1 0 9

24 2 2 28

73 9 110 192

Ho

0.00

0.01

0.02

POWER

3 0.9962

6 0.9315

8 0.7854

CONCLUSION The postulated connection is accepted as valid at

the absolUte Ho level.
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0

(A)

2

ELEMENT
1

5/3(A)

0

200
,TABLE 6/18

ELEMENT 5/2 (A)

0 1 2 T

63 12 -35

9 0 0 9

64 6 3 73

1 136 18 38 1:92

Ho

0.00

0.01

0.02

C POWER

3 0.5802

5 0.2226

6 0.1147 I

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly loW.

(B).

2

ELEMENT
1

_4v1 H
0

T

ELEMENT 5/2(A)

0 1 2 T

POWER58 10 36 104 He

e 1

O

1
0.0011 3 0.5895

69 7 t 1
0.0177 5 0.2303

136 -18 38 192 0,02 0.1199

---CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, althouaa the power is particularly .16w:-

(C) ELEMENT 5/2 (A)

0 1 2 T

2 57 10. 33 100 Ho C POWER

o

ELEMENT
es

4/1W
1 13 1 4 18 o:oo 4 0.4184

-0 66 7 1 74 0.01 0.2520

T 136 18 38 .192 p0.02 6 0.1348

CONCLUSION The postulated connection is accepted as valid at
0

the absolute Ho level, although the power is particularly low.
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(A)

TABLE 6/19

ELEMENT 5/2 (B)

2

ELEMENT
1

5/3(B)

0

T

0 1 2 T

15 68 90

7 5 6 18,

78 6 0 84

18 74 192

26].

A

Ho C° POWER

0.00

0.01

0.02

6 0.7369

7

9

0.6031

0.3300

_CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

to-

(B)

ELEMENT
1

1 /1(B) -HiC
0

ELEMENT 5/2 (B)

0 1 2 T

37 14 70 121

.11 2 2 15

52 2 56

TI100 18 74 192°

Ho F C POWER _

0.00

0.01

0.02

4 0.8978

6 0.6759

8 0.3894

CONCLUSION The postulated connection is accepted as valid at

the absollite'Ho level, although the power is relatively low.

(C)

2

ELEMENT
1

5/2(H)

0

ELEMENT 5/1

0 1 2 T

74 Ho C POWER

18 0.00

100 0.01

T 144 33 15 192
0.02

connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

41

1.3

19 14

4 1

90 1.0 0

CONCLUSION The postulated

6 0.0133

6 0.0133

7 0.0039
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TABLE 6/20

(A) ELEMENT 5/1

0 1 2 T

2

ELEMENT
1

5/2(A)
0

15 15 15 45

18 7 0' 25

111 11 0 >122

T 144 33 15 192

Ho

0.00

001

0.02

7

POWER

0.0144

8 0.0047

8 0.0047

I I.,

CONCLUSION The postulated connection is accepted as valid_at

the absolute Ho level, although the power is extremely low.

(B)

`ELEMENT

202

ELEMENT 4/1-11 (Retest)

0 1 2 T

2 14 7 86 107 Ho C POWER

1 7 2 13 22 0.00 0.9419

0 56 2 5 63 0.01 8 0.8099

T 77 12 104 192 0.02 10 0.5920

CONCLUSION This skill was not acquired by any significant

proportion of students in the process of attempting more complex

capabilities.

(C)

ELEMENT

4/1-V

ELEMENT 4/1-V (Retest)

0 1 2 T

2 16 12 86 114 Ho C POWER

1 3 10 18 0.00 6 0.9255

0 53 3 4 60 0.01 8 0.7714

T 74 13 100
0.02

192
10 0.5376

CONCLUSION This skill was not acquired by any significant

proportion of students in the process of attempting more complex
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(A) ,

ELEMENT

5/2(A)

atilkILE 6/21

ELEMEMT 5/2 (A) "(Retest)

0 1 2 T

2 1 3 34 38 Ho C

1 10 1 7 18 0.00 9

0 111 21 4I 13E) 0.01 10

T 122 25 45 192 0.02 11

POWER

0.1596

0.0904

10.0474 i

CONCLUSION This skill was not acquired by any significant

proportion of stuaentS in the process of attempting more Cbmplex

capabilities.

(B)

2

ELEMENT
1

6/5 (B)

0'

ELEMENT 6/4(B),

0 1 2 T

2-6 15 143 184.

3 0 4 7

1 0 1

T 30 15 147 192

203

Ho C POWER

0.00 2 0.9999

0.,01 7 0.9730

0.02, 9 0.9001

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, aiihOugli the power is unrealistically high.

(C) ELEMENT

0 1

ELEMENT

6/4(B).

6/3(B)

T

Ho C POWER

0.00

0.01'
.t

0.02

4 0.9847

6 0.94,B0

9 10.6409

CONCLUSION The postulated connection is accepted as valid at.

the dbsolute Ho level.

erv41
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(A5

. ELEMENT

6/3(B)

a

TABLE 6/22

2

1

T

ELEMEtIT 6/2:s

0 1 2 T

29 14 43 86

17 2 22

84. 0 0 84

130 17. 45 192

Ho C POWER

0.00

0.01

0.02

5 0.4296

- 6
4.

0.2746

7 0.1587.

CONCLUSION The Pbstulated conneot,i.on is accepted as valid at

the absolute Ho level, although the power is particularly low.

(B)

ELEMENT

611(A)-S

Cf

ELEMENT 6/2-s

0 1 2 T r.

Flo POWER

0.00

0.01

0.02

7 0.2910

9 0.0996

9 0.0996

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is,extremely'lTw.

(C)

ELEMENT

6/5 (B)

2

1

0

T

CONCLUSION

ELEMENT 6/2-s

0 1 2- T

88 14 41 141

31 3

11 0 1

37_

12

30 17 45

The postulated

192

Ho C POWER

0.00 4 0.5611

0.01 V6 0.2352

0.02 7 0.1302

connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

216
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4

HO,

(A)

ELEMENT

6/3-(3)

TABLE 6/23

2

1

0

T

ELEMEMT 6/2-C

0 1 T

'32 9 50 91

'10 4 0 14

87 0 0 87

129 13 50' 192

Ho

.0.00

C POWER

0.0,1

4 0.6272

5 0.4520

Q.02 6 .2944

CONCLUSION The postulated connection is accepted as valid at

the, absolute Ho level, although the power is particularly low.,,
.. ii.r

....

(B)
ELEMENT 6/2-:c

'ELEMENT
1

6/3(A)-C
0

T

2 T

205

(I.

30: 50 .89
POWER

12 4 0 16 o.00 4 0.6394

87 0 87 0.01 5 0.4652

129 13 50 192 0.02 7 o.

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

(C) ELEMENT

0 1

2 87 10 -
ELEMENT

1 30 3

6/5(B)

0 12 0,

T 129 13

1/4

6/2-C

2 T

46 143

4 37

0 12

50 192

Ho

0.00

0.01

0.02

C POWER

4 0.6566

6 0.3238

0.1964

CONCLUSION The postulated connection is accepted as valid att.

the absolute Ho level, although the power is particularly low.
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(A) ELEMEt!T

TBLE 6/24

6/17..H/S

0 1 2 \ T

8 '14 23 , 45-

ELEMENT
1 7- 3 17

6/2-S

0 125 2 130

T 20 32 192

CONCLUSION The postulated

--- Ho

0AU 6

0.O1- - 7

0.02 4:8

POWER

0.1541

0.0,u2

0.0340

connection -'is accepted as valid at,.

'the'absolute Ho level, although the powerit extremely low.

ELEMENT

6/2-C

2

0

T

ELEMENT 6/1-H/C
. .

0 1 2 T

10 9 31 50

3 3 7 13

121 2 129

134 18 40 192

;
Ho

0.00

4.

POWER

5 0.3667

0.01 6 0.2216

0.02

13 .. .., .

,--

7 0.1206
t

'CONCLUSION The postulated connection isaCeepted as valid at

the absolute Ho level, although the powerisparticularly 1°4.

c) ELEMENT 6/1-H/S

..1 '2' 'T

6. 2 102' 19 .32 153
ELEMENT.

1/1 (B)-II/S
1 9 1 0 1:10

/ J 0 29 0 0 49 .

T 140., 20 132 192.

HO C POWER

Q.00

0.01

0.02

2 0.6371

4 0.2311

5 0.1120

.CONGLPV3ON g 1,1'hr, postulated. connection is accepted as valid at

the Ho lev.el, although the power is particularly low.

-r
218
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TABLE 6/2!5

ELEMEMT. 6/1-11/C

T

2

ELEMENT
: 1

1/1(BilH/C1 /1(B)

0

T

0 1 2

95. 17 39

12 1 1

27 . 0 0

134 18 40

1 151 Ho C

14- 0.00 3

27 0.01 4

\
192 ' ° 0.02 5

POWER

0.5881

0:3909

0.2292

CONCLUSION- The postulated connection.is accepted as valid at

the absolute Ho. bevel, although the power is particularly ..low.

s(B) ELEMENT 6/2-5

, .

ELEMENT

6/3(C)

.

0

T

.0 1 2 T

Ho
!

.19 - 8 45 72

29 9 0 38 0.00

82 0 b.- 82 0.01

30 17 45 192 0.02

C POWER

8 0.2022

9 0.1167

10 0.0621

CONCLUSION The postulated connection is.accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

-2

ELEMENT
/ 1

;WM)

p-

ELEMENT 6/2-'C

0 1 2 T

26 50 85

1'5 4 0 19

88. . 0 0 88

;.
T 129 13 '50 1 -92

st .-

CONCLUSION. The ipt:tulated connection is accepted

absolute Bo level, although the power is particularly low.
, .

g

Ho C POWER

0.00 5 0.4912

0.01 0.3302

0.02 7 0.2015

4

as Valid at.

C.

207



o

---'TABLES 6/26 -6/30

Subdivisional Analysis Results for the Postulated Learning

Hierarchy (Final Testing Version)
, -

PRELIMINARY NOTES

208,

1. The following tables contain the subdivisional analysis results---
for certain basic skills incorporated in the final validation .

programme. These results are presented in correlation matrix

. form, listing..the number of questions correct.for each element,

and the appropriate marginal totals.

2. The classification and definitionor each element or basic

skillfts outlined in Tables 5/4-5/10 (Chapter V), and a list

of the relevant subdivisional question groupsis presented in

-Table 6/2.

. 3. P represents the'combined prol;ability that the observed number

-e

of students in the 0/2 and 2/0Atells JON have occurred through

chal5ce (or errors ofmeasurement) under the null hypothesis that

no-one can 2pssess only one of the relevant subdiyisional skills

\1.

withou also having the other.

220
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GROUP

2

1

0

GROUP 2

0 1 2 T (B)

GROUP

1

2

1

0

T

GROUP . 2

0 1 2 T

2 178'1180 3 2 120 125

0 1 3 6 4 3 13

2 3 9 46 3 5 54

T 6 3 183 192 '55 9' L28 192

ELEMENT 1/3../

TEST H/V (Position)

"p = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(C)

'GROUP .

1

2

1

0

T

ELEMENT

GROUP 2

0` 1 2 T

13 13 '81 107

11 3 12 26

49 5 5 59

73

1/1 (B)

-21 98 192

ELEMENT 1/2

TEST H/V (Co-ordinates)

P = o.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(D)
GROUP 3

0 1 2 T

2 10 3 '94 107
GROUP

1
1

15 2 9 26

0 53 3 59

T 78 8 106 192

ELEMENT 1/1(B) .

A

TEST H/V (C- ordinates) TEST straight Line/Curve

p = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

221

P = 0.0000

CONCLUSION Question groups

and 3 represent different

subdivisional skills.
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1
4

it

(A)

2

GROUP

2

0

TABLE 6/27

GROUP 4

0 1 2

3 3 92

3 7 11

43 14 16

98

21

73

T 49 24 119 192

E LEMENT 1 /1(B)

'TEST Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

2 and 4 represent different

subdivisional skills.

(C)

2

GROUP

1

0

T

GROUP 3

0 1 2 T

78

26

88

5 4 69

9 5 12

65. 14 9

a

79 23 90 192

ELEMENT 1/1 (A)

TEST. I;traight. Lino/Curve

P = 0.0000

GROUP 2

(B) 0 1 2 T

2 2 6 70 78

GROUP
1 13 6 7 26

1

0 67 9 '12 88

T 82 21 89 192
--

ELEMENT 1/1(A)

TEST H/v (Co-ordinates)

P = o.0000

CONCLUS I ON Question groups

1 and 2 represent different

subdivisional skills.

(D)

2

GROUP
1

2

0

T

GROUP 4

0 1 2

9 7 73

13 3 .5

58 15 ,9

T

89

21

82

80 25 87 192

E LEMENf 1/1 (A)

TEST :;traight Line/Curve

P = o.00cro.

CONCLUSION Quostion groups CONCLUSION Question groups

I and 3 represent different 2 and 4 represent different

subdivisional skills. subdivisional skills.

222

210

4;.



1

2

GROUP
1

2/1(A)-1

T

ELEMENT

TABLE 6/28

GROUP 2/1(B) -2

0 1 2 T. (B)

1.4 53 76 . 2

. GROUP
15 6 2 23 1

1

76 11 6 1. 93 0

105 26 61 192 T

2/101) -2/1 (B) ELEMENT

GROUP 2

0 1 2 T

5 15 49 69

11 3 8 22

8,9 8 4 101

105 26 61 192

.....

:2/1 (B)

TEST Interpolation/Extrapolation TEST Line/Points

P = 0.0000 P = 0.0000

CONCLUSION Elements, 2/1(A.) and CONCLUSION Question groups

2/1(B) represent different basic 1 and 2 represent different

skills. subdivisional .skills.

(C)

2

GROUP i
1

0

T

ELEMENT

GROUP 2

0 1 2 T

3 12 80 95

8 16 lo 34

40 17 6 63

51 45 96 192

3/2 (A)

TEST Max./Min. Values

P = 0.0207

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisional skill.

(D)

2

GROUP i
1

T

ELEMENT

GROUP 2

0 1 2 T

1 2 , 186 189

0 0 0 '0

3 o o 3

4 2 1861 192

1/3 (Retest)

TEST H/V '(Position)

P = 0.0125

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisional skill.

223 .
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TABLE 6/29

GROUP 2

(A) 0 1 2 T

2 2 9 122 133

GROUP
1-

1

.7 3 le

0 37 4 0 41.

T '46 21 125 192

ELEMENT 1/2 (Retest)

TEST H/V (Co-ordinates)

P = 0.2324

CONCLUSION Question groups

1 and 2 represent the same

subdivisional

co
GROUP 2

0 1 2 T

2 2 2 1103 107

-GROUP

1
1 3 12 1 7 22

0 55 4 4 63

T 60 18 114 192

ELEMENT 4/1

TEST H/V (Displacement)

P = 0.0005

.

CONCLUSION Question groups

aQd 2 represent different

subdivii3ional skills.

(B).

2

GROUP
1

1

0

T

ELEMENT

GROUP 2

0 1

3 48 95 146

0 3 5 8

35 2 38

38

4/2

52 102 192

TEST H/V (Displacement)

P = 0.0414

CONCLUSION Question groups

1 and'2,probably represent the

same subajvisional skill.

(D)

2

GROUP
1

1

0

T

6RO,UP 3

0 2 T

2 144 153

0 5 10

25 2 2 29

27 14 151 192

ELEMENT 1/1(B) (Retest)0

TEST Straight Line/Curve

P = 0.0003

CONCLUSION Question groups

1 and 3 represent different
1

subdivisional skills.
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tz,.'"c..

(A)

GROUP

1

GROUP 2

0 1 2

2 10 35 139

1 1 2 4

0 1 0 0

T 12 37 143

ELEMENT 6/5 (B)

TEST Numerical Range

p = 0.0060'

I

TABLE.6/30

'GROUP 2

T (B) 0 1 2 T

184 2 3 5 66 74

GROUP
7 1 f9 7 20 36

1

1 0 75 4 3 82

192 T 87 16 89 192

ELEMENT 6/3 (A)

CONCLUSION Question groups

1 and 2 may represent the same

subdivisional skill.

(C)

2

GROUP
1

0

T 129

GROUP 2

0 1 2 T

2 7 36 45'

1 4 12 17

126 2 130

13 50 192

ELEMENT 6/2

TEST Straight Line/Curve

p = 0.0026
C

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

TEST Straight Line/Curve

P = 0.0147

CONCLUSION Question gioups

1 and 2 probably represent the

same subdivisional skill.

(D)

2

GROUP
1

1

0

T

GROUP 2

0 1 2 T

6 24 32

0 8 12 20

132 4 4 1 40

134 18 40. 192

ELEMENT 6/1

TEST Straight Line/Curve

P = 0.0017

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.
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FIGURES '6.2 -6.7

v

Outline of the Validated Learning Hierarchy
/

PRELIMINARY NOTES

1. The following figures present an outline of each validated (and

rejected) connection for the final testing version of the

postulated learning hierarchy. The classification and definition

for each element or basic skill is outlined in Tables 5/4-5/10

(Chapter V), and abbreviations used for the relevant subdivisional

conditions are listed in the preliminary-hotes for 'Tables 6/4-6/25.

2. Lines representing hierarchical connections are classified according

to the following key.

Cornection accepted as valid at the absolute Ho level.

Connection accepted as valid at "weaker" (0.01 and

0.02) Ho levels.

Connection rejected as invalid at all three specified

Ho 'levels.

3. The reversal of Horizontal.and Verticalosubdivisional classification

groups for Element 1/1(B) reflects the reference in this case to

given, rather than required co-ordinates.
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CHAPTER VII

't

THE EFFECTS OF A DIFFERENT INFORMATIONAL MODEL

ON THE POSTULATED LEARNING HIERARCHY
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1. Introduction

The application of graphical interpretation skills to different

informational models involves, apart from the use of basic measurement

and computational procedures as defined in Chapter V, the recognition

or selection of appropriate interpretative skills. This in turn

requires some meaningful translation or 'understanding of specific

terms (slch as length, height, time or rate of change) associated

with each type of informational model. In other words, the

generalisation of graphical interpretation skills requires mastery

of both the basic intellectual abilities and more specific elements

of terminology or verbalised knowledge. The obvious question arising

from this assertion is that; given the appropriate elements of

verbalised knowledge for a particular informational model, is the

)

learning sequence of basic intellectual skills, directed toward

analogous terminal abilities, the same as that for the corresponding

symbolic or general abstract model (outlined and examined respectively

in Chapters V and VI)?

The question of analogous learning hierarchies for different

informational models has never been rigor7usly examined, and in fact

it seems to be assumed in a number of reearch reports and. current

curriculum programmes (reviewed in Chapter II) that the same

hierarchical sequence is appropriate for any type of informational

model. The experimental Graph Skills Program reported by Smith

(1970) uses a variety of models to teach and test each fundamental

skill in the development and attempted validation of a compr ive

1

learning sequence. However these informational models are
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collectively, rather than individually examined in the analysis of

)hierarchical relationships, and are not consistently grouped in therelationships,

systematic pattern or set for each of the basic skills. Thus

the validation programme involves a relatively complex mixture of

informati6nal models, and each hierarchical_ connection may involve

a different set.

The General courses of instruction on graphical interpretation

skills outlined in Chapter II (see courses 1-6 in Table 2/4) also

involve an extensive range of informational models, and although

specific variables and units may be different for each of these

models, the basic intellectual or interpretative skill's are assumed

to be the same. The Service courses (I.S.C.S., B.S.C.S., A.S.E.P.)

are by contrast more limited in scope, and give particular emphasis

to a few specific informational models, but-again the instructional

sequence of basic intelledtual skills is assumed to be independent

of the more specific informational context.

The evidence given by White (1971), relating to the restricted

subordinate role of verbalised knowledge elements with respect to

general intellectual skills, is consistent with the assumption

outlined above of a common hierarchical sequence of basic intellectual

skills for a range of different informational models. Since it is

shown by White that elements of specific terminology (verbalised

knowledge) can only take a limited subordinate'role in complex

learning hierarchies, it would seem that they are essentially independent

of the system of intellectual skills, and could therefore be adapted,

without affecting the basic hierarchical structure, to any -pecific

234



223

informational'model. The relevant limitation of White's study,'

however, that only.one such model is examined-.

In accordance with the research implications and assumptions

outlined above, it was decided to examine, by means of a parallel.

validation study, the effect of a different informational model on

the sequence of basic graphical interpretation skills defined in

Chapter V. The selection of a suitable model, and the preparation

and administration of the appropriate validation programme, are
0

- discussed below in section 2.

2. The Preparation and Administration of Validation Programme II

The selection of a suitable alternative informational model for

the analysis of basic graphical interpretation skills involved a

number of important considerations. It was essential, for example,

that the model should be realistic in both general concept and

numerical detail, and interpretable in a meaningful sense at the form

1 testing level. Moreover it was necessary that this condition of

meaningful interpretation should apply to each of the preyiously

defined interpretative areas. It was decided, therefore,"to use

some form of rate/time graphical model, for which the area could be

meaningfully interpreted as total amount/given time, although the

gradient (rate of change in given rate) might be relatively difficult

to explain. This model was based on a population concept, initiated

by the recent international interest in Environmental Education, and

involved the major variables of Time (Horizontal Axis) and Annual

235.



Birth Rate (Vertical Axis).

Apart from the obvious differences with respect to specific

terminology, which was always explained on first occurrence and

illustrated by example, the validation programme constructed for

this model (see Programme II in Volume III) was identical to that

for the abstract model examined in Chapter VI.

224

Certain differences

in symbolic notation were also required for Programme II, and these

symbols were used extensively throughoUt the validation programme,

but again they were explained and illustrated on first occurrence.

The sequence of basic and subdivisional skills, which was identical

to that for Programme I, has already been outlined in Table 6/1,

and the classification of relevant subdivisional skills in Table

6/2 (Chapter VI).

The administration of Programme II involved a total of 211 form

1 students from twelve randomly selected co-educational high schools

in Melbourne. The total testing sample involved approximately equal

numbers of male and female students, ranging in age from 11 to 14

years (taken to the nearest year) with a mean of 12.6. The number

of students involved from each participating school is shown in

Table 7/1. For most of these schools only half a class of students

was involved, while as explained for Programme I in Chapter VI, the

rest of the class were siMultaneously engaged in one of the alternative

validation programmes.



TABLE 7/1

Sample Numbers and Completion Times for Validation

Programme II _

HIGH-SCHOOL
Number of
Students

in Sample

Shortest
Completion

Time (minutes)

Longest
Completion

Time (minutes)

Altona North 20 61 114

Blackburn 21 55 108.

Brighton 14 53 114
14

Caulfield 16 49 102

Collingwood 11 42 107

Dandenong 15 58 106
. .

Donvale 15 45 86

Frankston 18 62 113

Moorabbin 31 37 84

MOorleigh 20 52 110

Vermont 14 54 108

Waverley 16 49 135

Mean Completion Time 51.4 107.3

Standard Deviation 7.5 13.2
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The conditions of administration for the second validation

programme were, along with the characteristics of the sampling

population mentioned above, analogous to those for Programme I, and

involved consecutive presentation of the three constituent sections

with periodic breaks for concentration relief. A list of the

shortest and longest completion times for each participating class

is presented inTable 7/1. These times show marginally smaller

variations than those for Programme I (Table 6/3), but the mean

values are not significantly different at the 0.05 level (t-test

for difference of sample means - see Glass and Stanley 1970). The

progress curve for Programme II (Figure 7.1) is also similar to that

for the first validation programme (Figure 6.1), although in this

case the rate appears to increase beyond the 25-minute mark, rather

than continue in the same expected linear trend.

3. Results and Implications of Validation Programme II

The results for the second validation programme were subjected

to the same statistical analysis.as those for Programme I (Chapter 6).

Thus each of the postulated hierarchical connections was tested at

three different null hypothesis levels, with the individual

probability of a Type I error given by a = 0.00087. The results of

this analysis are presented in Tables 7/2-7/23, and those for the

subsequent analysis of relevant subdiviSional skills are outlined in

In the latter case m = 0.0026 for each of the 20fables 7/24-7/28.

comparative tests.
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FIGURE 7.1

Progression Rate for Programme II

(Moorabbin High School)
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times.

2. Vertical lines represent the appropriate Standard Deviation.
3. Number of students involved = 31.
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In general the number of exceptions observed for each of the

postulated hierarchical connections was lower for this validation'

study than in the previous case (Programme I). Thus most of the

postulated connections were accepted as valid at the absolute Ho

level, since the levels cf response inconsistency, .and hence the

calculated critical numbers in the 0/2 cells of the relevant

correlation tables, were in most cases similar for both validation

...programmes. Fromsa review of predomi nt errors, it seems that

the drop in exceptions for Programme II was probably attributable

to less confusion between Horizontal and Vertical co-ordinates, with

the differential axis labels of Time and Annual Birth Rate apparently

producing mdre effective discrimination, at least with respect to

positional skills (areas 1 -3). As a corollary of the generally

fewer exceptions to the postulated learning hierarchy, only one of

the test/retest correlation tables (representing element 1/1(A) in

Table 7/12(C)) indicated a significant'level of learning during

practice at subsequent higher-order skills.

Perhaps the most prominent difference in results between

Programmes I and II was that col '-ning the postulated connection

between elements 1/2 and 1/1(B). This relationship was tested (in

both validation programmes) in four parallel situations under

different subdivisional conditions, and was rejected under all

conditions in Programme I, but accepted for each case in Programme

II (Figure 7.2). Similar discrepancies were observed for the

connections between element 2/] (A) and its postulated subordinate

skills (Figure 7.3), and for the various interrelationships between
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elements,1/2, 1/1(A) and 3/2(A) (Figure 7.4). Each of these

postulated relationships was rejected as invalid under one or more

of the tested subdivisional conditions in Programme I, but all were

accepted in Programme II at one of the various null hypothesis levels,

although in some cases the power was relatively low.

Similar results were obtained in both validation programmes

for all of the postulated connections in areas 4-6 (Figures 7.5-7.7).

For a few of the more difficult skills, however, the calculated

power was extremely low, reflecting in part the response inconsistencies

for both validation programmes, but more significantly the difficulty

levels of the higher or more complex skills. With respect to

element 5/1, for example,- only three students answered both questions

correctly in Programme II (Table 7/17(C)), so that in this case the

null and alternative hypotheses were effectively the same, and thus

the statistical test was rendered ineffective by the total loss of

power. In cases such as this, the final judgement of-validity can

only be subjective.

The results of the subdivisional analysis for the second

validation programme are generally similar to those for Programme I,

and thus consistent with the earlier analysis outlined in Chapter IV.

In contrast with the Programme I results, however, the difference in

Programme II between Horizontal and Vertical co-ordinate subdivisions

in elements 1/2 and 1/3 is maintained in both_retesting situations.

The results for elements 6/2 and 6/3(A) are also different for each

programme, but since the general analytical pattern for area 6 is
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intyrnally inconsistent for both validation programmes, these

discrepancies are probably not important.

The difficulty levels for each of the corresponding elements

show considerable variations between Programmes.' and II. In

most cases the difficulty levels are substantially lower for

Programme II, but for elements 3/1 and 5/2(A) they are approximately

the same, and for elements 5/1, 6/3(B), 6/2 and 6/1 they are higher

than the relevant levels for Programme I. It seems, from a review

of predominant errors, that although the specific axis labels used

in Programme II are generally an advantage for positional and

displacement skills, the derivative terms for gradient (rate of

change in Annual Birth Rate) and area (total number of births/100

people) are apparently more confusing than the corresponding general

or symbolic terms.

The results of this analysis, together with that discussed in

Chapter VI, clearly show that the hierarchical network of basic

graphical interpretation skills.is:substantially the same for both

general and specific informational models. Thus in spite of certain

discrepancies with respect to positional skills (areas 1-3), which

may simply be a product of more general inconsistencies observed in

the relevant section of Programme I, the overall pattern of basic

intellectual skills is independent of the more specific terminology

and symbolic notation associatQd with individual elements, although

this may affect the relevant difficulty levels. Thi,s result is

consistent with the implications of previous research- by-White (1971),
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and with the assumptions (outlined in section 1)of current curriculum

programMes on graphical interpretatiOn.

The research outlined above has important implications with

respect to graphical interpretation skills for both curriculum

development and associated classroom practice, since it establishes

an empirical basis for the use of a common instructional sequence

of general interpretative skills, which may be related at each level

to a range of more\specific informational models, or more meaningful

situations. Thus the same hierarchical structure of ntellectual
30

skills may be used to cover an almost infinite range of specific

interpretative tasks, provided that the relevant notation or

terminology is understood.

In spite of this potential generalisation, however, the,

determination of independent subdivisional skills within each of

the basic intellectual abilities remains an important limiting factor,

and restricts the use of any basic skill, in both general and specific

informational context, to the relevant subdivisional or instructional

,conditions. One of the most important subdivisional conditions

within the postulated learning hierarchy is that of numerical range

(outlined and established for various elements in Chapter IV), which

applies to, and thus restricts the use of almost every basic skill.

The extension of this range from integral to decimal numbers shbuld

therefore expand the generalisation potential of each relevant

ability, but may also increase the resultant computational complexity.

The specific effects-of this change on the postulated learning

hierarchy are examined in Chapter VIII by means of an additional

complepentary validation study.
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TABLES 7/2-7/23".

Validation Results for Programme II

PRELIMINAin, NOTES
V

(Victoria)

232'

1. The following tables present the results'for each of the postulated

hierarchical connections between basic and subdivisional skills

incoporated in Programme II. These results are presented in

correlation matrix form, listing the number of questions correct

for each element., and the appropriate marginal totals.

. The critical number of exceptions (C) permitted in cne 0/2 cell

of the relevant correlation table is listed, together with the

.appropriate statistical power, for Bach of the null hypothesis

levels defined in Chapter VI (see preliminary notes for Tables

3. The classification code for each element is outlined in Tables

5/4-5/10, and the relevant subdivisional conditions are

presented in Tables 6/4-6/25 (preliminary notes).:

4. Element 6/3(C) (not previously defined in Chapter V) involves

the skill of counting .Sqaures on a two-dimenpional grid.

=11111,

g44
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TABLE 7/2

(A)

ELEMENT
1

1)3-H

0

E LEMEMT 1/2-H

0 1 2 T

3

14

0

159

8

3 03

T 27 17

194

11

6

167 211

/
.

Ho

0.00

0.01

0.02

4 0.9997

8 0.9809

11 0.8797

CONCLUSION .The posylated connection is accepted as valid at

ttheabiolute Ho level,

(8)

2

ELEMENT
v 1

1/3-V

0

"r

ELEMENT

0 1

1/2-V

2 T

16

2

22'

0

164

2

202

2 2 1 5

20 24, 167 211

4 0.00

0. OL

0.02

4

8

10

-4
0.9990

0.9558.

0.8612

CONCLUSION The postulated connection is accepted as valid at

the abSdlute Ho level.

(C) - ELEMENT 1/1 (3) -Ws

0 .1 .. 2 T

2

ELEMENT
1

1/2-V

0

T 46 20

26

9

11

15

2

3

126

13

6

1.67

24

145 211

20

Ho

0.00

0.01

0.02

6

9

11

0.9939

0.9379

0.8266

CONCLUS.I ON The postulated connection .is accepted as valid at

the absolute Ho level.

/
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V

,

(A)'

21*r...14P

TABLE 7/3

ELEMDIT 1/1(A)-H/S

,0 1 2 ,T

2 16 2 127 145

ELEMENTS.
1 8', 12 0 20

1 /1(B) -V /S

0 42 4 0 46

T 66 18 127 211

Ho

0.00

0.01

POWER

6 0.9837

8 0.9285

0.02 11 0.7055

CONCLUSION, The postulated connection *LI accepted As valid

the absolute Ho level.

(B) ELEMENT 1/11A)-}vs
.

4
. L0 -1 2 T

2 41 15 '.11 -267
-J

11 1 12, 24
ELEMENT

1
1%2-V

0 14, 2 4 20

T 127 211

CONCLUSION The postulated connection is accepted as valid at

HO. C POWER

0.00

0.01

0..9920

8 0...9154

0.02 .10 0.7724
1

the absolute Ho level..

/
(C) ELEMENT 1/1 (A).-Ivs

2 T'

ELEMENT'

1/2-H

0 1

Ho

0.00

0.01

. 02 10

7

POWER

0.9971

0..9524

0.7605

CONCLUSION The postulated -connection is accepted as 'valid at

the absolfte Ho level.

"6
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(A)

TABLE 7/4

\

ELEMENT 1/1(13) - /S

0 =1'" 2 T

2 7 12 148 167 c

ELEMENT .

1 7 2 8 17
1/2-H.

0 12 10 5 27

T 26 24 161 211
\

.1.

Ho C- POWER

0.00 10 0.9570

0.01 12 0.8746

0.02 14 0.7280

CONCLUSION The postulated connection is accepted as,valid at

the absolute Ho level.

. (B) 'ELEMENT 1/1(A)-V/S

. 0 1 2 T .

2

ELEMENT
1

1/1(B)-H/S
0

4 6 151 161

16 0 24

21 5 0 26

T 33 27 151 211

Ho

0.00

I'

C POWER

9 0.9641

0.01 12 0.8232

0:02 14 0.6485 //

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

ELEMENT

1/2-H

ELEMENT 1/1(A)-v/s

0 1 2 T

2 12 13 142 167 Ho C POWER

1 7 4 17 0.00 9 0.9598

0 14 10 3 27 0.01 11
,
0.8766

T 33 27 151
0.02

211 14 0.6281

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.



-(A)

2

ELEMENT
1

1/2-

0

ELEMEtIT

0 1

236

TABLE 7/5

1/1(A)-V/S

2 T

17 16 134 167

8 4 12 24

8 7 5 20

'T 33 27 151 211

Ho

0.00

0.01

0.02

C POWER

8 0.9760

i11 0.8587

13 0.6956

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

1

ELEMENT
1

1/2-V
0

ELEMENT 1/1 (B)-V/C

0 1 2

18 3

7 2

1-2

T 37

3

146 167

1:: 24

5 20

166 211

CONCLUSION The postulated

the absolute Ho level.

(C)

2

E EMENT

(B)-w/c 1

0

Ho C POWER

o.00

0.01

5 0.9996

9 0.9810

0.02 12 0.8875

connection is

ELEMENT 1/1 (A)--H/c

1 2 T

16 7 143 166

4 4 0 8

33 4 0 37

1. 53 15 143 211

accepted as valid at

Ho

o.00

0.01

0.02

C POWER

0.9991

8 0.9596

10 0.8705

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.
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(A)

ti

ELEMENT.

i 1/2-x,
1

TABLE 7/6

ELEMEPIT 1/1(A) -H/c

0 1 2 T

2 29 12 126 167

1 9 2 13 24

0 15 1 4 20

T 53 15 143 211

CONCLUSION The postulated connection is

the absolute Ho level.

(B)

2

ELEMENT
1

1 /2 -H

0

ELEMENT 1/1(A)-H/C

0 1 2 T

22 13 *132 167

10 1 6 17

21 1 5 27

T 53 15 143 211

Ho C POWER

0.00

0.01

0.02

5' 0.9976

8 0.9645

11 0.8146

accepted as valid at

Ho C POWER

0.90

0.01

0.02

5 0.9973

0.9612

11 0.8031

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C-)

2
ELEMENT

1/2-H
1

0

ELEMENT 1/1(B)-H/C

0 1 2 N
12 4 151 167

_8 1 8 17

21 1 5 27

T 41 6 .164 211

Ho

\0. 00

O. 02

POWER

4 0.9999

8 0.9884

N4- 0.9169

CONCLUSION The postulated connection is a ;cepted as valid at

the second (0.01) Ho level.
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TABLE 7/7

(A) ELEMENT 1/1(A)-V/C

0 1 2 T

2 8 1 155 164 Ho C

ELEMENT

1
2 4 0 6 0.00 3

11(B)-H/C

0 015 41 0.01

211 0.02 JO

POWER

0.9999

0.9900

0.9186

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

ELEMENT

-1/2-H

ELEMENT '1 /1(A) -v /c

0 1 2 T

2 19 4 144 167. Ho C

1 6 3 8 17 0.00 4

0 23 1 3 27 0.01 8

T 48 8 155 211 0.02 11

POWER

0.9997

0.9800

0.8756

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

2

ELEMENT
1

1/2-V

0

T

ELEMENT 1/1 (A) -v/c

0 1 2 T.

26 3 138 167 Ho

10 1 13 24 0.00

12 4 4 20 0.01

48 8 155
0.02

211

C POWER

5

8

0.9991

0.9828

11 0.8882

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.
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TABLE 7/8

ELEMENT 2/1 (A) -H/P

0 1 2 T

2 25 7 95 127

ELEMENT
1

1/1(A)-H/S
11 2 18

0 42 13 11 66

T 78 22 111 211

Ho C POWER .

0.00 6 0.9634

0.01 9^ 0.7834

0.02 11 0.5663

CONCLUSION The postulated connection is accepted as valid at

the third (0.U2) Ho level, although the power at this level is

particularly low.

(B)

2

ELEMENT
1

1/1(3)=v/s

0

ELEMENT 2/1 (A) -H/P

0 1 2 T

31 10 104 145

34 10

5 20

2

T 78 22 1 11

46

211

Ho

0.00

0.01

C POWER

0.9556

8 0.8448

0.02 10 0.6464

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

2

ELEMENT

1 /1(A) -IVs
1

0

T

ELEMENT 2/1(8)-H/S

0 1 2 T

33 24 70 127

12 4 2 18

49 11 6 66

94 39 78 211

Ho C POWER

0.00

0.01

0.02

8 0.6008

10. 0.3417

11 0.2344

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.
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(A) ELEMENT

TABLE 7/9

2/1(B)-H/S

0 1 2 T

2 46 26 73 145

ELEMENT
1 12 8 0 20

1/1(B)-V/S
36 5 5 460

1. 94 39 78 211

N

CONCLUSION The postulated connection is accepted as valid at

,the absolute Ho level, although the power is particularly low.

(B)

2

ELEMENT
1

1/1(A)-H/S
0

T

ELEMENT 2/1 (3) -H/P

0 1 2 T

43
i

21 63 127 Ho

14 0 4 18 0.00 6

53 6 7 66 0.01 7

110 27 74 211 0.02 9

POWER

0.7176

0.5804/

0.3088

CONCLUSION The postulated connection is accepted as valid at

1hr :I l4 (0.01) He) te.vol, ltheAvilf Ili pulet dl 111h; level I::

particularly low.

(C)

2

ELEMENT

1/1(B)-V/S
i

0

T

ELEMENT 2/1 (13) -11/P

0 1 2 T

56 22 67 145 Ho C

16 2 2 20 0.00 5

38 3 5 46 0.01 7

110 27 74 211 0.02 8

POWER

0.8108

0.5448

0.4025

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.
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(A)

CLEMENT

1/2-V

TABLE /10

ELEMENT 3/2(A)-Max.

0
W
',IA 2 T

2 37, 44 93 174

1 5 5 8 18

0 9 6 4 19

T 51 55 105 211

HO C POWER

0.00

0.01

0.02

0.5970

10 0.4700

12 0.2451

CONCLUSION The postudated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

(B)

1

ELEMENT

1/1(A) 4/0

0

T

ELEMENT 3/2(A)-M6x.

0 1 2 T

29 "39 94 162

8 4 3 15

14 12 8 34

51 55 105 211

Ho C POWER

0.00

0.01

0.02

12 0.4502

13 0.3396

15 0.1657

CONCLUSION The postulated connection is accepted `as valid at

the absolute do lvel, although the power is particularly, low.

(C) ELEMENT 3/2(A)-Min.

0 1 2 T

2

ELEMENT
1

1/2-V

0

40

6

37 97

5

174

7 18

10 8 1

T 56 50 105

19

211

Ho C POWER

0.00

0.01

0.02

8 0.7255

9 0.6056

11 0.3579

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.
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(A)

242
TABLE 7/11

ELEMEHT 3/2 (A) -Max .

0 1 2

2 30 35 97 162

ELEMENT
1 7 5 3 15

1/1(A)-V/C

0 19 10 5 34

T 56 50 105 211

-

Ho C POWER

0.00

0.01

10 0.6457

12- 0.4097

13 0.3022

CONCLUSION The -Post,ulatde.connection is 'accepted as valid at

the absolute-H6 level, although the power is particularly low.
- -

(B) ELEMENT 3/1

ELEMENT
1

3/2(B)

0

0 1 2

53 78 43 174

8 3 0 11

18 0 26

79 89 43 211

Ho ,C POWER

0.00

0.01

10 0.0118

11

0..02 11

0.0045

0.0045

CONCLUSION, The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C) ELEMENT 3/1

0 1 2

,2

ELEMENT

3/2(A)-Max.1

0

T

22

27

30

50

22 6

17 4

p-
105

55

51

79 89 43 211,

Ho C POWER

'0.00

0.01

0.02

17 0.0034

11 0.0034

,17 0.0034

CONCLUSION The postulated connection is accepted as valid at

°the absolute Ho level, although the power is extremely low.
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(A)

TABLE 7/12

ELEMENT 3/1

2

2

0 i
20 51

. ELEMENT
1 20 24

3/2(A)-Min.

0 39 14

T 79 89

T

134
105

6 50

3 56

43 211

Ho C POWER

.0.00

0.01

'0.02

18 0.0029

.18 0.0029

18 0.0029

CONCLUSIQN ' The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)
-ELEMENT 1/2-V (Retest)

0 1 2 T

2 9 13 145 167

ELEMENT
1 4 19 f 24

1/2-V

0 9 1 10 20

T 19 18 174 211_

Ho C POWER

0.00

0.01

0.02

9 0.9870

12 0.9144

14 0.7970

243

CONCLUSION This skill was not acquired by any significant proportion

of students in the process of attempting more complex capabilities,

ff°

(C)

f:

ELEMENT

1/1 (A) -V

2

1

0

ELEMENT 1/1(A) -V

1 2 T

(Retest)

C POWER4 8 1143 155 Ho

5 0 , 3 8 0.00 7 0.9963

25 7 16 48 0.01 10 0.9608

34 15 1162 211
0.02 13 0.8210

CONCLUSION This skill was acquired by a significant pr8portion

of students in the process of attempting more complex capabilities.
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TABLE 7/13

(A)

S

ELEMENT 4/2-H

0 1 2 T

2 35 5 164 204 Ho C

ELEMENT

4/3
2 0 1 3

0.00 1

0 3 1 0 4
0.01 7

T 40 6 165- 211- 0.02 10

POWER

1.0000

0.9939

0.9433

CONCLUSION The postulated connection is accepted as valid at -

the absolute Ho level.

(B)

ELEMENT

4/3

2

0

T

ELEMENT 4/2-V .

0 1 2 ' T

30 6 168 204 Ho C

2 0 1 3 0.00
1.

4 0 0 4 0.01 7

36 6 '169 211 0.02 10

POWER

1.0000

0.9953

0.9530

CONCLUSION The postulated convection is accepted as valid at

the absolute Ho level.

(C) ELEMENT 4/2-H

0 1 2 T

2 35 164 204 Ho C POWER
ELEMENT

1 -2 1 4 0.00 1 1.0000
1/3-H

0
3 0 0 3 0.01 7 0.9939

T 40 6 165 211 0.02 10 0.9433

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.
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(
TABLE 7/14

ELEMEMT 4/2-V

0 1 2 T

2 29 5 169 203

ELEMENT
1 0 0 0 0

1/3-V

0 7 1 0 8

T 36 6 169 211

HO C POWER

0.00

0.01

0.02

2 1.0000

7

10

0.9953

0.9534

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level. .

(B)

ELEMENT

4/2-H

2

1

0

T1

ELEMENT 4/1-H

0 1 2 T

17 17 131 165

2 0 4 6

27 6 7 40

46 23 142 211

Ho

0.00

0.01

0.02

C POWER

7 049c4arr..

10 0.8901

12 0.7411

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

2

ELEMENT'
1

4/2-V
0

T

ELEMENT 4/1-V

0 1 -2 T

9 16 144

1 3

-27---

169

6

36

23 151 211

I

Ho C POWER

0.00

0.01

0.02

8 0.9813

10 0.9296

13 0.7331

GONCLUSION The postulated connection is accepted as validat,

the absolute Ho level.
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(A)

ELEMENT

1/2-H

2

11

0

T

TABLE 7/15 .

ELEMEMT 4/1-H

0 1 2 T

21 18 137 176 Ho C

7 0 4 11 0.00 6

18 5 1 24 0:01 8

46 23 142 211 0.02 I 11

POWER

0.9909

0.9553

0.7836

CONCLUSION The postulated connection is accepted as vali4 at

the absolute Ho level.

(B)

2

ELEMENT

1/2-V
1

0

-T

ELEMENT 4/1-V

0 1 2 T

15 10 136 161 / Ho C POWER

4 5 13 22 0.00, 8 0.9816

18 8 2 28 0.01 11 0.8826

37 23 151 211 0:02 13 0.7352

CONCLUSION The postulated connection is accepted as valid at

the absolute HO level.

'(C) ELEMENT 5/3 (A)

.0 1 2 T

-2 41 5 111 157

ELEMENT
1 3

5/4 (A)

0

2

38 7 3 48

T 82 13 116 211

Ho C POWER

0.00

0.01

0.02

3 0.9978

6 0.9529

0.7454

CONCLUSION The postulated connection is accepted-as valid at

the absolute Ho level.
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(A)

(

ELEMENT

5/31A)

4

'/
TABLE 7/16

ti

62

1

0

T

ELEMENT 5/2(A)

0 1 . 2 T ,

75 8 33 116

11 0 2 13,

77, 3 2 82

163 .11 37 211

Ho

0.00

0.01

0.02

C ROWER

- I

3 0.5399

4

5

0.3432

0.1915

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low..

(B)

2

ELEMENT
1

4/1-H
0

ELEMENT 5/2 (A)

0 1 2

97

18

11
30

0 5

135

23

48 3 2 53

T 163 11 37 211

Ho C POWER

0.00 3 0.5561

0.01 0.3589

0.02 5 0.2037

_CONCLUSION The postulated connection is accepted as valid at
%

the absolute Ho level, although the power is particularly low.

(C)

.

ELEMENT.
4/1-V

ELEMENT 5/25/2 (A)

0 1 2 T

2 105 9 34 148 I; Ho C POWER

1 9 0 9 /o.00 2 0.7278

0 49 2 3 54 01 4 0.3247

T 163. 11 37 1 211 0.02
5. 0.1775

CONCLUSION rhe postulaied connection islaccepted
t

/
the second (0.01) do le;61, although the Power

4 e.

extremely owi 11 -
_

b

as valid at

atthis level is

.247.



0
A

ti

ELEMENT

0 1

. ' 2 27 2

ELEMENT
1 12 5.

5/3 (B)

0 65 3

T 104 10

-TABLE 7/17

5/2 (B)

2 T

1

92 121

4 21

1 69

97 211

Ho C POWER

_ 50.00

0.01 ' 7_.

0.02 9

0.9494

0.8168

0.5897

CONCLUSION Th'e postulated connection is accepted' as valid at

the absolute Ho level.

1

(B)

2

ELEMENT
1

1/1 (B)-H/C

0

T

ELEMENT 5/2 (B)
!-- .

0 1 2_ T

64 9 89 162 Ho

7 1 8 .16 0.00
1.

33 0 0 33 0.01

104 10 97 211 0.02

C POWER

3 0.9913

6 0;8707

8 0.6631

CONCLUSION N The postulated connection is accepted as valid at

the absolute Ho level.

(C) ELEMENT 5/1

0 1 2 T

2 76 18 3 97 Ho.-
ELEMENT -41

5/2(10
1 3 10 0.00 4

0 94 10 0 104 0.01 4
r-

T 177 31 3 211
0.02 4

POWER

0.0017

0.0017

0.0017

CONCLUSION The postulated /connection is accepted a's valid at

the absolute Ho level, although the power is extremely low.
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(A) ELEMEMT 5/1

TABLE 7/18

2

ELEMENT
1

5/2(A)

0

T

0 1 2

C'19 10 3 32 Ho

10 8 0 0:0018 5

148. 13 0 0:01161 5

177 31 3 0.02211. 5

POWER

0.0012

0.0012

0.0012

CONCLUSION The postulated connection is 'accepted as valid .at

the absolute Ho level, although the power is extremely low.

(B) .

/

ELEMENT 4/1-H (Retest)

0 1 2 T '

C'9 15 118 142 Ho

ELEMENT
`1 6 3 14 23 0.00 8

4/1-H

0 38 5 46 0.01 10,

T 53 23 135 211 0.02 13

POWER

0.9662

0.1174

0.6379

CONCLUSION- This skill was not acquired by any significant

proportion of students in the process of attempting more complex

capabilities.

(C)

ELEMENT

4/1-V

,

,ELEMEN.T 4/1-V (Retest)

0 1 2 T

2 10 6 135 151 HO C POWER

1 9 2 12 23 0.00 5 0.9986

0 35 1 1 37 0.01 8 0.97611
T 54 9 148 211' 0.02 11 0.8592

CONCLUSION This skill was not acquired by any signifiCant

:proportion of students in the process of attempting more complex

capabilities.
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ELEMENT

5/2(A)

1,

/

TABLE 7/19

2

1

0

T

ELEMEMT 5/2(A) (Ret'eSt)

o 1 2 T

7 2/i 28 37

5 4 11

149 14 0 163

161 18 32 '211.

Ho POWER

0.00

0.01/

0.03/

0.2246

6'

7

0.1162

0.0537

'ONCLUSION This skill was not acquired by any significant

proportion of students!in the process of attempting more complex

Capabilities.
I

(B) ELEMENT 6/4(B)

0 L 2 T

30 151 204

ELEMENT,' .1 1 1 1 4 6

6/5(B),
o 1 0 1

T 32 j24 155 211

1

CONCLUSION

the absolute

(,C)

ELEMENT

6/4(B)

2

1

The

Ho le

Ho C POWER.

0.00 2

0.01 7

0.9999

0.9729

0.02 9 0.9000

osculated connection is accepted as valid at

el.

ELEMENT 6/3(B)

0' ' 2 T

65 101180 155

15 2 7 24

01 25 32

T 105 18 88 211

CONCLUSION The postulated connection is

6

the absolute Ho level.

262

Ho C POWER

0.00

0.01

0.02

4 0.9569

0.7125

8 0.5831

accepted as valid at
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(A)

ELEMENT

6/3 (B)

2

0

T

TABLE 7/20

ELEMENT 6/2-s

0 1 2 T

22 14 29 65

15 2 0 17

124 3 2 129

161 19 31 211

Ho

0.00

POWER

5 0.1829

0A1

0.02

6 0.0890

6 0.0890

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely loW.

(B)

ELEMENT

ELEMENT 6/2-s

0 1 2

33 I0

1 26 9 0

6/3(A)-S
0 102 0 0

T 161 19 31

f

74

35

102

211

14a--

0.00

0.01

0.02

POWER-

6 0.1481

7 0.0727

0.0322

CONCLUSION The postulated connection is accepted as valid at

tho absoluto Ho level, although the power is extremely low.

(C)

ELEMENT

6/5(8).

2

1

0

T

ELEMENT 6/2-i;

0 1 2 T

109 17 26 152 Ho

38 1 4 43 0.00

14 1 1 16 0.01

161 19 31 ,0.02211

C POWER

4 0.2744

5 0.1412

0.0639

CONCLUSION The postulated connection is accepted as valid at

the.absolute Ho level, although the power is extremely low.
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(A)

2

ELEMENT
1

6/3(B)

0

T

TABLE 7/21
252

ELEMENT 6/2-C

0 1 2 T'

28 16 25 69 Ho

7 2 1 0.0010 4

129 2 0.01132 5

164 20 27 211 0.02 5

POWER

0.2137

0.1009

0.1009

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)

ELEMENT

6/3(A)-C

.2

1

0

T

ELEMENT 6/2-C

0 1 2 T

C

,Ho35 13 27 75

11 7 0 18 0.00 4

118 0 0 118' 0.01 5

164 20 27 211 0.02, 6

POWER

0.2349

0.1145

0.0490

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C) ELEMENT 6/2 -C

0 1 2 T

110 18 24 152 Ho
ELEMENT

1
39 2 2 43 0.006/(B)

0 15 0 1 16 0.01

T 164 20 27 211 0.02

C POWER

4 0.1914

4 0.1914

5 0.0872

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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TABLE 7/22

(A)

2

ELEMENT 6/1-tvs

0 1 2 T

C11 5 15 31 Ho

ELEMENT
1 7 2 10 19 0.00 6

6/2rS
0 160 1 0 161 0.01 7

T 178 8 25 211 0.02 7

POWER

0.0991

0.0387

0.0387

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)

ELEMENT

672-C

ELEMENT 6/1-H/C

0 1 2 T

6 5 16 27 Ho C

1 11 2 7 20 0.00 7

0 161 2 1 164 0.01 8

T 178 9 24 211 0.02 8

POWER

0.0528

0.0219

0.0219

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

2

ELEMENT

1/1 (B)-ii/s \I
0

T

CONCLUSION

ELEMENT 6/1-H/s

0 1 2 T

C POWER134 24 166 Ho

21 0 22 0.00 2 0.4793

23 0

,
0 23 0.01 3 0.2607

178 8 25 211 0.02
4 0.1196

The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.
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t

(A)

ELEMENT

1/1(B)-H/C

..1.111..

TABLE 7/23

2

1

0

T

ELEMENT 6/1-H/c

0 1 2 T

147 8 23 178

7 1 1 9

24 0 0 24

178 9 24 211

Ho -C POWER

0.00

0.01

0.02

1 0.6965

3 0.2237

4 0.0966

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the-power is relatively low.

_ (B) ELEMENT 6/2-S

ELEMENT
1

6/3(C)

.. 0

T

0 1 2 T

25 9 31 65

28 10 0 38

108 0 0 108

161 19 31 211

HO C POWER

0.00

0.01

7

8

0.1078

0.Q519

0.02 9 0.0227

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

...4:

ELEMENT 6/2-C

2

ELEMENT
16/3(C)

0

T

0 .1 2 T.

32
.1.-

7 27 66

11 13 0 24

121 0 0 121

164 20 27 211

Ho C POWER

0.00

0.01

0.02

0.1529

6 0.0708

0.0292

CONCLUSION The postulated-connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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TABLES 7/24-7/28

Subdivisional Analysis Results for Programme II

(Victoria)

PRELIMINARY NOTES

1. The following results are presented in correlation matrix form,
-

listing the number of questions correct for each element, and

the appropriate marginal totals.

2. The classification code for each element is outlined in Tables

5/4-5/10,_and a list of the relevant subdivisional question

groups is presented in Table 6/2.

3. P represents the combined probability that the observed number

of students in the 0/2 and 2/0 cells could have occurred

through chance (or errors of measurement) under the null

hypothesis that no-one can possess only one of the relevant

subdivisional skills without also having the other.



TABLE 7/24

(A)

GROUP 2

0 1 '2 T

2 2 3 189 194

GROUP
1 1 0 10 11

0 . 2 1 3. 6

T 5 4 202 1 211

ELEMENT 1/3

TEST li/v (Position)

P = o.oeqg,

CON CLUS I Oft/question groups

1 and 2 represent different

subdivisional skills.

(C)

2

GROUP
1

1

0

T

ELEMENT

GROUP 2

0 1 2 T

17 14 130 161

10 24

21 0 5 26

46

1/1(B)

20 145 211

TEST H/V (Co-ordinates)

P = o.0000

CONCLUSION Question-group:,

1 and 2 represent different

subdivisional skills.

(B)

2

GROUP
1

1

0

T

ELEMENT

GROUP 2

0 1 2 T

4 13 150 167

6 7 '4 17

10 4 13 27

20

1/2

24 167 211

TEST H/V (Co-ordinates)

P = o.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(D)

2

GROUP
1

1

0

T

GROUP 3

0 1 2 T

3 4 154 161

15 1 8 24

23 1 2 26

41 6 164 211

ELEMENT 1/1(B)

TEST Straight Line/Curve

P = 0.mo

CONCLUSION Question groups

1 and 3 may represent the same

subdivisional skill.
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TABLE 7/25

(A'.

2

GROUP
1

2

0

T 37

ELEMENT 1/1(B)

GROUP 4

0 1 2 T

145

2

33

2 3 140

4

1

14

12

8 166 211

20

46

TEST Straight, Line/Curve

p = 0.0000

CONCLUSION Question groups

(B)

2

GROUP
1

1

0

T

GROUP 2

0 1 2 T

6 120 127

4 4 10 18

28 17 21 66

33 27 1511 211

ELEMENT 1/1(A)

TEST' H/V (Co-ordinates)

P = 0.0000

CONCLUSION Question groups
2 and 4 represent different 1 and 2 represent different

subdivisional skills. subdivisional skills.

GROUP 3

(C)

2

GROUP
1

0

0 1 2 T

4.$

2 9

7 1 10

5 17

T 53

116 127

15 143 211

ELEMENT 1/1 (A)

18

66

TEST Straight Line/Curve

p = .0.0000

CONCLUSION question groups

I and 3 rnpresent different

sublivisinnal skills.

(D)

2
GROUP

1
2

GROUP 4

0 1 2 T

3 142

16 1 10

257

151

27
1

0 33

T 48 8 155 211

26

E LEMENT 1/1(A)

4 3

I
TEST Straight Line/Curve

P = 0.0000

CONCLUS ION We'ktion groups

2 and 4 represent different

subdivisional skills.
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't

a

(A)
GROUP 2/1 (B) -2

0 1 2 T

TABLE 7/26

2

GROUP
1

2/1(A)-1

0

27

13

70

16 1 68

6 3

5 3

T 110

111

22

78

27 74 211

ELEMENT 2/1 (A) -2/1 (B)

TEST Interpolation/Extrapolation

p = 0.0000

CON' CLUS I ON Elements 2/1 (A)

(B)

2

GROUP
1

1

0-

T 110 27 74 1211

GROUP 2

0 1 2 T

8

18

84

15

7

5

55

14

5

.78

39

94

ELEMENT 2/1(Br

TEST Line/Points

P = 0.0000

CONCLUSION .Question grpups
and 2/1(B) represent different 1 and'2 represent different
basic skills.

(C)

2

GROUP
1

1

0

T

ELEMENT

subdivisional skills.
- - .

GROUP 2

0 1 2 . T

2

22

32

8

25

17

T

95

8

2

36 .50 105 211

3/2 (A)

105

55

51

(D)

2

GROUP
1

1

0

T

GROUP 2

0 1 2

ELEMENT 1/3 (Retest)

T

3

2

0 201

0

0

1

1

204

4

3

8 0 203 211

TEST Max./Min% Values

P ---' 0.7069

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.

TEST H/V (Position)

13 = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.-

970970
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(A)

2

GROUP
1

1

6.

311

ELEMENT

259
TABLE 7/27

GROUP 2

0 1 2 T

4 17 155 176

7 3 1

17 2 5 24

28 22 161 211

1/2 (Retest)

TEST H/V (Co-ordinates)

(B)

2

GROUP
1

1

0

GROUP 2

0 1 T

3 2 160 165

1 0 5 6

32 4 46

T 36 6 169 211

ELEMENT 4/2

TEST H/V (Displacement)

P = 0.0000 P = 0.0000

CONCLUSION Question groups CONCLUSION QuestiOn groups

1 and 2 represent different 1 and 2 represent different

subdivisional skills. subdivisional skills.

(C)

2.

GROUP
1

0

GROUP 2

0 1 2 T

1 3 138

2 10 11

34 10 2

142

23

46

T 37 23 151 211

ELEMENT 4/1

TEST H/V (Displacement)

P = 0.1103

CONCLUSION Question groups

(D)

2

GROUP
1

1

0

T

GROUP 3

0 1 2 T

2 5 159 166

2 3 ,17 22

20 1 2 23

24 9 178 211

ELEMENT 1/1(B) (Retest)

TEST___ Straight Line/Curve

P 0.0011

CONCLUSION Question groups

1 and 2 represent the same 1 and 3 represent different

subdivisional skill. subdivisional skills.
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(A)

GROUP-2

TABLE 7/28

0 1 2 T

401

GROUP 2

(B) 0 1 2 T

2

GROUP
1

1

0

T

ELEMENT

15 I 41 148 204 - 2

GROUP
1

1

0

T

ELEMENT

7 9 58

0I

/111a

2 4 14 6 15 35

. 0 0 1 97 3 .2 102

16

6/5(B)

1 43 152 211 118

6/3

18

(A)

75 211

-TEST Numerical Range

p = 0.0004

TEST straight Line/Curve

P = O.00b1 '.

.
CONCLUSION Question groups . CONCLUSION Question groups'

1 and 2 represent different 1 and 2 represent different ;

subdivisional skills. subdivisional skills.

(C)

2

GROUP

1
1

*

0

T

ELEMENT

GROUP 2

0 1 2 T
(h)

2

GROUP
1

1

0

T

ELEMENT

GROUP 2 ,

0 1 2 T

1 11 19 31 3 6 16.:

6,

25

8

A."

4 7 8 19 1

159 2 0 161 174. 2 2 178'

164

6/2

20 27 211 178

6/1

9 24 211

TEST Straight Line/Curve

= 0.5057

CONCLUSION 'QUesticn groups

TEST straight Line/Curve

P = 0..000d

CONCLUSION Question groups

1 and 2 represent the same 1 and 2 represent difference

subdivisional skill.

hr I

subdivisional skills.
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FIGURES,7.2-7.7 )

'OutlineibE the V4lidated Learn!inu Hierarchy for ProgiVnime 41
1

//
(VictOria)

v
0

PRELIMINARY NOTES.

le

, .

...1:

The Classificati8ncode for each bisiC skill is',outlined in
'

.--

Tables 5/4=5/10, and abbieviations used for the relevant
" .

-Subdivistional conditions are.listed in the` preliminary not
/

.
. .

.for Tables 6/416/25._ 4' 1
. . ..

;

2. Lines representing hierarchical connections are classified,

according to the followinkey.

,onnectiontaccepted as valid at the absolute

Tb level. 4

A

Connection accepted as valid at weaken

(1'
(0.01 and 0.02) Ho level.

U.

Connection rejected as invalid at all threes

specified Ho levels:
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CHAPTER VIII

THE EFFECTS OF EXTENDED NUMERICAL RANGE ON THE

POSTULATED LEARNING HIERARCHY
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1. Introduction

One of the most

introductory courses

of numerical range.

important limiting conditions applied to

oh graphical interpretation is the restriction

With respect to the General (primary school)

courses outlined in Chapter II (see courses 1-6 in Table 2/4), the

use of numerical range in basic graphical skills often lags well

behind the introduction of more complex and extensive number systems

in other sections of the primary curriculum. Most of these courses,

for.example, are initially restricted to a relatively limited range

of positive integers, although the South Australian course is based

on a more extensive system of positive rational numbers, and the

S.M.S.G. programme involves both positive and negative integers.

All three of the high school Service courses outlined in fable 2/4

(no's 7-9) are based on pOsitive number systems, although only one

(B.S.C.S.) is restricted to integers, while the T.S.C.S. and A.S.E.P.

programmes also cover both common fractions and decimal numbers.

'Negative numbers are rarely used at either primary or secondary level

in introductory graphical exercises, and fractional numbers are

seldom taken to more than 1 single decimal place.

The same conservative approach of restricting numerical range

is also evident in many research studies concerned with hierarchical

learning of both graphical interpretation skills and general

computational procedures. IQ. two early studies by Gagne. for example,

(see Gagne & Paradise 1961, (Jagne et al. 1962), all arithmetical

calculations are restricted to relatively small integral numbers,

80



cs.

although it could reasonably be assumed in both cases from the stated

testing level (seventh grade) that the students would be experienced

in computations with considerably larger or more complex numbers.

Smith (1970) similarly restrictsthe.numerical r \ange, in a study of

-various graphical interpretation skills, to positive integral numbers,

although in this case the testing level extends from grade three Ito

grade six, so that the same assumptions of previous computational

experience would probably not apply. In contrast with these studies,

Gray (1969) examines, at the grade -five level, a hierarchical network

of both interpretative and computational skills involving fractional

numbers corrected to the second decimal place. In the validation

study by White (1971), however, directed at the form three (ninth

grade) level, all positional and displacement skills are restricted

to a limited range of integral numbers, while a few of the more complex

skills involving calculations of quotient or gradient are extended,

in terms of the relevant result, .to include fractional or decimal

numbers, with separate subdivisional skills defined for answers greater'

or less than one.

Although limiting with respect to potential generalisation, the

conservative approach adopted by Gagn6 (1961, 1962), Smith (1970),

White (1971) aml many others in restricting the numerical ranqe to

reIALively simple 'integral or rational numbers is no doubt logically

sound, since the object of these studies is not to confuse the students

with'unnecessary computational complexity, but to establish a

hierarchical network of logically related skills. Moreover in view

of the subdivisional analysis results outlined in Chapter IV, this

":81
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approach is-also clearly essential on empirical grounds,since

the use of integral and deqimal numbers involves different
-.P

subdivisional skills, with additional categories defined in terms

of computational result. Thus interchanging these numerical systems

at different levels of the learning hierarchy, as evident in the.

study by Kolb (1967/8), could invalidate the postulated sequence of

skills.
--

Despite the necessary restrictions on numerical range for

hierarnhical validation, it seems in practice that the relevant skills

of graphical interpretation must at some stage be extended to include

the more complex number systems used in other areas of the science

and mathematics curriculum at both primary and secondary levels. A

review of current introductory courses (see Table 2/4 in Chapter II)

suggests that these extensions are generally left to a somewhat

haphazard, retrospective treatment in subsequent curriculum topics,

rather than incorporated progressively throughout,the learning

, programme. It seems reasonable to suggest, however, that extensions

of numerical range would be more appropriately treated in the same

systematic instructional programme as that used to teach the basic

interpretative skills, provided that these modifications do not

affect the overall hierarchical structure or sequence of skills.

In order to examine the validity of this assumption, a third

validation programme was prepared us'.13 both integral and rational

numbers in each of the relevant interpretative skills. The preparation

and administration of this programme are discussed below in section 2,

with results and implications outlined in section 3.
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2. The Preparation.and AdmiA nistration of Validation Programme III

in preparing the third validation programme, different numerical

systems were used for Horizontal and, ertical co-ordinate positions'.

Horizontal co-ordinates were restricted to positive integers, while

Vertical co-ordinates, also positive,pwere given or estimated) to

the nearest decimal place. This arrangement was adopted so that

all calculations involving quotient, and gradient would have an

integral denominator, thus avoiding the-computational complexities

of long division,which might otherwise make the programme too

--difficult for form 1 students. Where estimation was involved,

appropriate lelels of tolerance were allowed for both positional and

displacement skills (0.1 and 0.2 units respectively). In such

cases exact results for division calculations could not be guaranteed,

so that again an estimate was required to the'nearest decimal place.

Apart from the differences in numerical range outlined above,

which affected most, but not all of the postulated interpretative

skills, the instructions, examp:es and questions indorporated in

Programme III were similar to those prepared for Programme I, and

the same symbolic notation was used in both validation programmes.

The sequence of presentation for the bas,ic intellectual skills, which

was also common to both validation programmes, has already been

outlined in Table 6/1, and the classification of relevant subdivisLonal

conditions, redefined for Programme 1II, is presented in Table 8/1.

A comprehensive copy of the third validation programme is incl-ided in

Volume III.
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. The conditions of administration for Programme III were

%basically similar to those for Programmes I and II, and in this case j
e'

involved, a. totar of 202 form 1 students fra twelve randomly

selected co-educational high schools in MelbOurne. A'his testing

sample included 89 male and 113 female4students, ranging in age from

11 to 15 years (taken to the nearest year) with a organ of 12.6.

The number of students involved from each participating, schoql i

shown in Table 8/2. For reasons already explained in Chapter VI,

only half a class'of students was involved from most participating

schools, with the rest of the class engaged in one of the alternative

validation programmes.

% Both the shortest and longest mean completion times for

Programme III (seeFable 8/2) are substantially higher than the

corresponding values-for Programmes I and II, but the range of

individual results is also relatively large, so that the differences

in avLrage time are not statistically significant. The progression

curve for Programme III (see Figure 8.1) also shows a generally slower

working rate than the corresponding curves for Programmes I and II,

, but the same predominantly linear trend suggests at least that the

rate is relatively constant to the pc.nt of first 6ompletion

(approximately 60 minutes).
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TABLE 8/1

The Classification of Subdivisionl Skills

Included in Validation Programme M.

c.

r.

Element
Number

Question
Group 1

Relevant Subdivisioal Conditions

1/3 Position H/11+

2 445 V/D/+

1/2. 1 Required Co-ordinate H/I/+

2 V/D/+

-\1/1(B) 1 Straight line, Given Co-ordinate H/I/+

2 V/D/+

3 airve, Given Co- ordinate H/I/+

4 V/D/+

1/1(A) 1 Straight line, Required Co-ordinate H/I/+

2 V/D/+

3 Curve, Required Co-ordinate H/I/4:

V/D/+

2/1(A) 1 ' Required Co-ordinate H/I/+
. k

2/1(B) 1 Straight line, Re''ired co-ordinate H/I/+

2 Row of Points, Co-ordinate H/I/+

3/2(A) 1 Maximum Value V /D /+

2 Minimum IiiiLue V/1) /1-

4/t .
I ' Numet icill Variable :; 1/1

2 . l)/t

4/2 1 Displacement 11/1/41

2 V/D/+

4/1 1 Displacement H/I/+

2
, V/D/+

6/5(B) 1 Numerical Variables I/+ (10) , DR-

2 + (>10), D/+ (e1)

285 Cont.
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TABLE 8/1 Cont.)(

Element Question Relevant SubdiviSional, Conditions
'Number Group

P

. :

.13/314 1 Straight line segment

2 CUrve
i

6/2 1' Straight line segment

2 Curve

6/11. 1 Straight, line segment

2 Curve

I

1

t<1.86

274
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TABLE 8/2

Sample'NuMbersandCoMgetion Times

l,rfor Validation Programme III

(Victoria)

f,

. r .

Number- of

HIGH scippl,- Students in
Sample

Shortest
Completion

Tide (mins.)

..

Longsist

,..c6pldtion,

Time (mins.)

65

41

52

136

118

]02

Altona North 20

Collingwobd 14.

-Donvale 15

Essendon 14 \.65 43,

Heidelberg 12 173 152:
.

.Kew 12 58 119

Lakeside 17 11%'

tionash 12 57 109 ,

Moorlaigh 18 76 105

Parkdale 37
. .

57: 117

Vermtpn 16 73' 114 d

. Waverley '15 70 142

1 r
Meanil3qmpletibn Time 63.5 119.4

Standard Deviation -4, 9.2 15.9'
.-r
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FIGURE 8.3.

ProgressionRate' for Programme III
. .

(Parkdile High School)

If

0 .40 60 80,, 100
TIME (IN MINUTES)

_

Circles indicate the mean number 'of pages completed A specified

times.

Vertical lines represent the apprOpriate Standard' Dwiation.

Number of students involved = 37.

x.88
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3. Results and Implications 'From Validation Programme III

The results from Validation PrograMMe III were subjected to

the same statistical analysis as those from Programmes I and II,

presented respectively in Chapters VI. and VII. The results and

specific conclusions derived from the analysis of postulated

hierarchical connections are presented in Tables 8/3-8/24, and

those for the subsequent analysirof relevant subdivisional skills

are outlined in Tables 8/25-8/29.

In statistical terms the most dramatic effects of the extended

-numerical range in Programme III involve marked increases (with

respect to Programme.I) in both element difficulty level and degree

of response inconsistency. Unfortunately both of these effects

combine to reduce the statistical power, as explained in Chapter-

VI,- so that many individual. tests of hierarchical dependence

involved in Programme III are rendered virtually ineffective by

the frequently substantial, and in some cases almost total loss of

power. More or less subjective decisions 'on the validity of these

postulated connections have been made In every case, based on the

calculated critical number of 0/2 cell exceptions for each relevant

correlation table, with regard also-given to the difference between

this and number of observed exi-eptions.

If this study is considered in isolation as a single validation

experiment, many of these specific conclusions on the validity of

postulated hieraichical connections could legitimately be questioned

through the lack of statistical power, but these decisions should also

be considered in relation to the corresponding tests for analogous

.
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validation experiments'already outlined in Chapters VI and VII, and

subsequently in Chapters IX -XT. Thus a pattern of general concurrence

with respect to particular hierarchical connections may Serve to
4). .. . .

o ..,essubstantiate individually questionable conclusion..-

In spite of tHkgeneral loss in st4istical power, the validation

results for Programme III were probably more consistent than those

for the analogous programme (I) based 9n integral numbers alone.

Inarea 1, for example, the parallel connections between

corresponding subdivisional groups of elements 1/3 and 1/2 were

accepted as valid at the absolute Ho level for Programme III (see

Figure 8.2), but were previously accepted for Programme I (Figure, 6.2)

only at weaker levels. The postulated connections between various

'subdivisional groups of elements 1/2 and 1/1(A) were also more

consistently accepted as valid in Programmg III (Figure 8.2), as
,

were those involved in areas 2 and 3, shown respectively in Figures

8.3 and 8.4. Results in areas 4-6 (see Figures 8.5-8.7) were the

same for both validation programmes, with all of the postu,lated

connections accepted as valid at the, absolute Ho level.

MAny of the subdivisional analysis results for Programme III

were not directly comparable -vith those for the previous validation

programmes, since the required Horizontal and Vertical co-ordinates

were in this case based on different (integral and decimal) numerical

systems, which were previously tested'inChapter IV and found to

involve different subdivisional skills. The same, result, derived.r)-

from an analogous subdivisional test for element 4/3 in Programme III,

is eShOWn in Table 8/28(A), It follows from this result that the

-.
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difference reflected on numerous occasions in Programme III between

279.

Horizontal and Vertical co-ordinate subdivisions ,(see Tables 8/25-8/29)^

actually repredents a complex effect involving an additional variable

of basiot,umerical range. r.
The other subdivisional analysis results derived from ProgrAme

IIyare generally consistent with those for Programmes I and II,

although in this case no statistical distlinctiaiES made between

_interpolation and extrapolation skills (Table,8/27(A)), of between

the different question groups defined and tested for element 2/1(B)

(Table 8/27(B)). In the first ofJ'these however the
r

postulated skills are both independently taught, so thatthe.lack

of subsequent discrimination is not necessarily an indication of ,

`immediate lateral transfer from one skill to the other, as suggested

in the defiaition of subdivisional skills outlined in Chapter IV.

The results of this analysis clearly substantiate the suggestion

in section 1 that although the extension from integral to rational

'(or decimal) numbers may involve more difficult computations (and

in fact requires a different set of subdivisional skills), this

change has no significant effect on the basic hierarchical structure

or sec ence of graphical interpretation skills. It seems reasonable

to suggest, therefore, that the potential generdlization of these

interpretative skills could well be progressively extended at each

hierarchical level by expanding the numerical range to the same

limits established in other relevant curriculum areas. This

suggestion is consistent with the current practice (discussed in

,

P...4.9 1
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Chapter .17I) of generalization through the use of different

informational models, in that the same systematic approach with respect

to numerical range would immediately extend the potential application

of each basic intellectual skill.

The nature of informational model and extent of numerical

range are both important situational variables fil,the learning of

graphical interpretation skills. It has so far been established,

however, that neither of these variables has any substantial effect

on the postulated hierarchical organisation of these basic intellectual

abilities, although they may in part determine the degree of

potential generalization and relevant difficulty levels. Another

class of variables, more personal in nature and including various

characteristics of both cultural and curricular background, malrallo

influence the leahing°of graphical interpretation skills, and the
a

effects of these characteristics on the postulated learning hierarchy

are examined in the next three chapters (IX-XI).

292
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TABLES 8/3-8/24

Validation Results for Programme III--

(Victoria)

PRELIMINARY NOTES 1.

1. The following tables present the results for each of the

postulated.hierarchical connections between basic and

subdivisional skills Incorporated in Programme III." These'

results are presented in correlation matrix form, listing the

number of questions correct for" each element, and the

appropriate marginal totals.

'.2.. The critical number of exceptions (C) permitted in the 0/2

,cell of the relevant correlation table is listed, together

with the appr6priate statistical power, for each of the null
Ayv,,

hypothesis'levels defined in Chapter VI (see p iminary notes

for Tables .6/4-6/25) .

,i)

3. The classificatiOn .code,foi each element is outlined in

Tables 5/4-5/10,-and the relevant subdivisional conditions are

presented in Tables 6/4-6/25 (preliminary notes), except that

each of. the Vertical co- ordinates involved in Programme III is

based on a decimal, rather than an integral number scale.

4. Element 6/3(C) (not previously defined in Chapter 1 involves

K). the skill of counting squares on a two - dimensional grid.
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-- (A)

ELEMENT

1/3-H

TABLE S/3 .

,2

1

0

T

ELEMENT 1/2-H

0" 1 2 T

78 21 92 191

3 2 0

3 2 1 6

84 25 93 202

Ho C

0.00 2

0.01

0.02

5

POWER

0.9949

0.8942

7 0.6903

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B) e

ELEMENT.

2

1

0

ELEMENT 1/2-V

.0 1 2 T

34-4

.38

16 62 112

6 14 58

28 4 32

T 100 26 76 202

Ho POWER

0.00

0.01

0.02

11 0.3654

,12 0.;2589

13 0.1731

CONCLUSION The postulated connection is accepted as valid, at

the absolute.Hoqevel,'although the power is particularly low.'

ELEMENT

1/2-V

2

1

0

T

ELEMENT 1/1(B) -V/S

0 1 2 T.
15 13 48 76 Ho C POWER

13 5 8 26 0.00 9 0.4172

78 12 10 100 0.01 11 0.1959-

106 30 66 2 0.0202 12 0.1217

CONCLUSION The postulated connection i% accepted as valid at
the !;ocond (0.01) Ho,Aevel, although the power at this level is

eZtremely low.
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(A)

TABLE 8/4

E LEJI E T 1/1 (A)-H/8

0 1 2 T

2 22 2 42 66

-ELEMENT
1 0 30

,1/1(8)-V/S

0 103 3 106

T .137 23 42 202

Ho POWER

0.00

0.01

0.02

8 0.1469

8

9

0.1469

0,0790

CONCLUSION The postulated' connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)

6 c

a

2

ELEMENT
1

1/2-V
0

T

283,

ELEMENT 1./1 (A) -H/s

1 2 T

32 11 33 76 Ho C POWER

18 3 26 0.00 6 0.3068 Q

87 9 4 100 0.01 7 0.1832
741,

137 23 42 202 0.02 8 0.0995

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

(C) ELEMENT 1/1(A)-H/S

0 1 .2

o
0

2 48; 14 93
ELEMENT

1/2-H 1 18 5 25

./0 71 7 6 84

T 137 23 42 202

:1. -

CONCLUSION The postulated connection is accepted as

the second (0.01) Ho level, althoilgh the power at this

Ho C POWER

0.4014

0.2405

0.1411

valid at

level is

0.00'

0.01

0.02

5

6

7

ox1r(.m.ly low.
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(A)

2

ELEMENT-
1

1/2-H

0

T

TABLE 8/5

E LEMEMT 1/1(B)-H/S

0 1 2.

/35.1 50 93

15 2 8 25

71 3 10 84

121 13 68 202

0.01

6-

POWER

0,6685

°

7 0.5267

. 0.02 9 0.2582

CONCLUSION The postulated connection is rejected as invalid at

ll'three specified Ho levels.
J 4

(B)

ELEMENT

,1/1(B)-H/S

I

ELEMENT 1/1(A)-V/S

0 1 2 T

2 14 8 46 68 Ho C POWER

1 6 0 13 0.00 4 0.5975

0 120 1 121 - 0.01 , 6 0.2669.
_ -

T 140 16 46 202 0.02 0.1531

CONtLUSION The postulated connection is accepted as valid at

the absolute Ho level,- although the power is particularly low.

(C)

ELEMENT

1/2-H
.

. -

ELEMENT 1/1 (A) -V/S

0 1 2 T

a

2 46 12 35 93 Ho POWER

1 18 5 25 0.00 5 0.4478

0 76 . 2 6 84 0.01 6 0.2918

T 140 16 46 202 0.02 7 0.1710

CONCLUSION The Postulated connection is acceptel as

the second (0.01) Ho level, although the, power at this level is

extrQmely

valid at
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(A)

TABLE 8/6

ELEMEtIT 1/1 (A)-v/s

.285

X

:2

0 1 2- T

;,31 34 76

ELEMENT
L 2

1/2-V

0 92 3 5 100'

't 140 16 46 202

Ho C POWER..

0:00 6" 0.3458

0..01 7 0.214r

0'. 02 8 0.1208

CONCLUSION The postulated Connection is accepted as valid, at

the absolute Hojevel, although the power is particularly low.

(B) ELEMENT 1/1(3)-vc

0 1 2 T

2 10 10 56. 76

ELEMENT
1 9 3 14 26

0 -70 14 16 100

T 89 27 86 202

CON CLUS I ON The4vistelated Connection

all three specified Ao

-(C) ELEMENT 1/1 (A) -a/c
0 1 2 T

2 29 5 52 86
ELEMENT

1/1(8)-V/C
1 14 13 0 27

0 86 3 0 89

T 129 21 52 202

C POWER

0.00

0.01

.(71b .02

is rejectedi'as

11 0:4902

12 . 0.3733

13' 0.2695

invalid at

Ho C POWER

0.00

0.01

6 0.4639

0.3160

0.02 9 0.1134

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.
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ELEMENT.
..1/2-1.7

...id itt.

TABLE 8/7

2.

.
1

T

ELEME11,T. 1/1 (A) -11/C

0.' 1 2 T

.27 . 12

. .

37 76

13 4 9 26

89 6 100

:52 202

, Ho C POWER

. o.o].
0.02

7 0.345,2

8

9

0.2211

0,1303

CONCLUSION The poiulated connection is accepted as valid at
0

the Absolute Ho level, althou4h:the power is particularly low.

(B) ELEMENT (A)Livc

I

ELEMENT

.1/2-H

2

1

0

T

q 1 T .

42 37 93

14 3
I-
:13 25

73 4 :7

129 21 52 202

t..

Ho

(0.09

0.01

0.02

C POWER 1,,

6 0:4269

7 .)0.2828

8 0.1714

- ,
CONCL.:51.0N The postu4Wted connection is accepted as valid at

the second (0.01) Ho leyel, although the power at this level is

extremely low.

286

(C)

.

ELEMENT

1/2-H

.ELEMENT

2

1

0

T

, 1/1 (B) -H/C

0 1 2 T

'

''Ha C POWER33 3 57 93

13 1 11 25 o.,00 6 3.8039

70 2 12 84 o.41 8 3.5540

116 6 80, 202 0.02 0.4lj3

CONCLUS I ON The postulated connection is rejected

all three specifiedHo levels.
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(A)

t2
ELEMENT

1/1 (B) -H /C

0

T

ELEMENT

0 1

TABLE .8/8

1/1 (A) -v/c
2 T,

15 7 5$ 80

0 6

-113, 3 . o 11.6

132 12 58 202

Ho 1 C POWER

0.00

0.01

0.02

3 0.8571

5 0.5647

6 0.4016

CONCLUSION The postulated connectionis accepted as validat
the absolute Ho level, althougle the 'poWer.is relatively low:

(B)

o

ELEMENT

1/2-H

0

ELEMENT 1/1 (A) -v/c
0- 1 2 T

42 7 44 93

,15 2 8 25
. c

75' 3 84

T 132 '12 1 58 202

Ho . C POWER

0.00 .5

0 . 01`

0,6561:

0.3482

0.02 8 0.2236

CONCLUSION The postulated connection is accepted as valid at,'

the second (0.01) Ho level, although thepower at this level is
particularly low.

(C)

ELEMENT

1/2-V

2-

ELEMENT 1/1(A) -V/C

0 1 2' T

POWER.26 6 44 76 , Ha
,

1 14 3 9 26 0.00 6 0.5616

0 92 3 5 106 0.01 8 0.2762.

T 132 12 %8 202' 0.02 9 0.1718

CONCLUSION The postulated connection is accepted as valid at
the absolute Ho, level, although the power is particularly low.

a
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p

ELEMENT

1/1 (A.) -H/S

I
TABLE 8/,9

2

1

0

ELEMEtIT 2/1 (A) -H/P

0 1 2 T

.7

10

99

12

7

30

23

6

8'

42

23

137 .

I '216 49 37 202

0.00 14

0.01

0.02

C POWER ..

15

15._

0.0254'

0.0124,

0.0124

CONCLUSION 'The postulated connection is accepted s valid at -
the absplute Ho level, although the pouti is extremely low.

(B)

ELEMENT
1

1/1(13)-V/S

0

ELEMENT 2/1 (A) -H/P

0 .1' 2 T

19. 20 27 66

16 7

81 22

7 30

3

T 116 .49 37 202

Ho C POWER

.0.00

Q. 01

0.02

12 0.0319

12 0.0319

13 0.0152

-CONCLUSION The postulated connection is accepted as valid at

the dbsolute Ho level, although the power is exiremely, low. .
I

(C)

2

.ELEMENT
1/14A)-ws 1

0

T

288

ELEMENT 2/1(8) -H/S

0 1 2 T

7 14 21 42 Ho C POWER

11 5 7 23 0.00 10 0.0545,

116 13 8 137 0.01 10 0.0549 fir

131 32 36 202-,. 0.02 11 0.0265

CONCLUSION The postulated connection is accepted as valid at
the absolute Ho level, although the power is extremely low.



±;-

(A)

TABLE 8/10

ELEMENT 2/1 (B)-H/S

0 1 2 T

2 23 17 I 26 66 Ho C

ELEMENT
1 18 5' 7 30- 0.00 8

1/1(B)-V/S

0 93 10 3 166 0.01 9
Q

.N. T 134 :i21 36 202 0.02 10

1

/ \

POWER

p.1128,

0.0574

0.0268

CONCLUSION The postulatei.dconne tion is accepted as valid at

the absolute Ho level, although the ower is extremely low.

(B)

a.

ELEMENT& 2/1 (3) -}vp.

O.-, 1 ,T

v

ELEMENT

1/11A)-H/S

2:

1

0

T

l0. 19 42 Ho C

12 4 7 23 0.00"

118 ,10 9 137 0.01 9

140 27 35 202 p.02 10.

CON'CLUSION: The

the absolute

(C).

2

ELEMENT

1/1(B)-V/S
1

0

postulated connection is accepted

Ho level, although the power is extremely low.

POWER

0.0676

0.0676

0.0325

as_ valid at

ELEMENT 2/1(B)-H/P

0 1 T

66/27 15 24

20 3 7 30

93 9 4 106

T 140 27 35 202

C POWER'

0.00

0.01

0.02

8

8

0.0790

0.0790

0.0374

4,
CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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TABLE 8/11 0

I. , ELEMEPIT 13/2 (A) -Max

0 1 2 T

2

`ELEMENT
11 30 45 86

1 15 9 3 27

1/2-V
0 61 10 18 89

T 87 49 66 /02

Ho

0.00

0.01.

0.02

C POWER

14 0.1294

15
t

L5

0.0792

0.6792"

CONCLUSION The postulated connection is rejected as invalid at

all three specified Ho levels.

(B) ELEMENT 3/2(A)-Max

2

0 1 2 T

5 19 36 60

ELEMENT
9 9 31

1/1(A)-V/C

0 73 21- 17 111

T 87 49 66 202

Ho

0.00

0.01

0.02

C POWER

17 0.1087

18 0.0679

19 0.0404

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

ELEMENT

1/2-V

2

1

0

T

ELEMENT .3/2 (A) -Min

0 1 2 T

17 16 53 86

21 2 4 27-

58 13 18 89

96 31 75 ,202

Ho C POWER

0.00

0.01

0.02

10 0.4179

11 0.3011.

12 0.2043

CONCLUSION The postulated connection is rejected as invalid at

all three specified Ho levels.

r..119
tta$44
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v

(A)

ELEMENT.

1/1 (A) -tr/C

TABLE 8/12

2

0

T

ELEMEMT 3/2 (A) -Min

0 1 2. T

7 10 43 60

10 17 31

79 17 15 111

96 31 75 202

Ho C POWER

0.00

0.01

0.02

13

15

0.3099,

0.1454

16 0.0921

CONCLUSION The postulated connection is accepted as valid at

the second (0.01) Ho le3;e1, although the power at this level is

extremely low.

(B)

2

ELEMENT
1

3/2 (B)

0

T

ELEMENT 3/1

0 1 2

53 56 49 158 Ho C POWER

5 3 o.00 9 0.1147

25 7 2 34 0.01 10 0.0609

83 66 53 202 0.02 11 0.0299

CONCLUSION The, postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low:

(C)

ELEMENT

3/2(A)-Max

2

ELEMENT 3/1

I0 1 2 T

C POWER18 17 31 66 Ho

1 14 22 13 49 0.00 20 0.0231

0 51 27 9 87 0.01 21 0.0102

T 83 66 53 0.02202 21 0.0102

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

f5:1)9
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(A)

ELEMENT

3/2(A)-Min

TABLE 8/11

2

1

0

I

ELEMEMT 3/1

0 1. 2

22 22 31 75

9 12 10 31

52 -32 12 96

433" 66 -53 202

Ho POWER'

0.00

0.01

19 0.0245

20 0:b132

0.02 20 0.0132

CONCLUSION The postulated connection is,accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)

ELEMENT

1/2-V

ELEMENT 1/2-V (Retest)

0 1 2

2 15 7 54 0)76

1 9 4 13 26

0 65 16 19 .100

T 89 27 86 202

Ho C POWER

0.00

0.01

0.02

11 0.4902

12 3.3733

13 3.2695.

292

CONCLUSION, This skill was acquired by a significant proportion

of students in the process of attempting more complex capabilities.

(C)

2
ELEMENT

1/1(A)-V 1

T

16.

ELEMENT 1 /1(A) -v (Retest)

0 1 2 T

58

12

132

7 10 41

7 3

102 14 16

31: 60 202

Ho C POWER

0.00

0.01

0.02

9 0.2972

10 0.1932

11 0.1170 ,

CONCLUSION This skill was acquired by a significant proportion

of students in the process of attempting more complex capabilities.



(A)

ELEMENT

4/3-1

TABLE 8/14

2

1

0

T

ELEMEMT 4/2-H

0 1 2 T

35 151 193,

3 4 7

2 0 0 2

40 7 155 202

Ho

o.00

0.01

0.02

C POWER

2 1.0000

7

10

0.9885

0.9097

CONCLUSION The postulated connection is accepted as valid at

293

the absolute Ho level,` although the power is unrealistically high.

(Br

ELEMENT

4/3-D

1

0

T

ELEMENT 4/2 -V

0 1 2' T

52 17 101 170

11 2 5 _18

12 1 1. .14

75 20 107 202

Ho 'C POWER

0.00

0.01

0.02

4 0.9853

7 0.8541

9 0.6489

CONCLUSION, The postulated connection is accepted ag-valid at
-

the absolute Ho level.

(C)

ELEMENT

1/3-H

2

1

0

T

ELEMENT 4/2-H

0 1 2 T

33 7 152 192

1 0 2 3

6 0 1 7

40 7 155, 202

Ho C POWER

0.00 2

0.01 7

1.0000

0.9885

0.02 10 0.9095

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.
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.*
TABLE 8/15

(A)

2

ELEMENT%
1

1/3-V

0

T

E LEMEPIT

0 1 -2 T

19 16 92 127

28 3 15- 46

28 1 . 0

75 20 107 f 2D2

Ho

0.00

0.01

C. POWER

11

0::8447

0.6564

0.02 13 0.4300

CONCLUSION The postulated connection is accepted as valid at
the absolute Ho level, although the poker, is relatively low.

(B) ELEMENT 4/1-H

0 1 2 T

2

ELEMENT
1

4/2-H
0

50 47

5

36

2

2

38

0

155

7

2 40

T 91 51 ,60 202

C POWER

7. 0.4968.

9

0.02 10

0.1629

0.0927

,CONCLUSION The postulated connection is accepted as valid at

the absolute-Ho level, although the power is particularly low.

(C)

2

ELEMENT.
1

4/2-V

0

ELEMENT 4/1-V

0 1 2 T

29 26 52 107

10 6 4 20

62 11 75

T 101 43- 58 202

Ho

0.00

0.01

0.02

C POWER

9 0.2695

10 0.1634

11 0.0957

CONCLUSION
The postulated connection is accepted as valid at

the absolute Ho level, although the'power is extremely lowe
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(A)

ELEMENT

122-K.

TABLp 4/16

ELEMENT 4/1-H

0 .1 2 T

'2 29 49 86 Ho

5 6 6 17 0.00 13

0 78 16 5 99 0.01 14

91 51 :BO 202 0.02 15

POWER

0.1405

0.0856

0.0492

CONCLUSION The postulated, connection is accepted as valid at

the absolute Ho level, although the power-is extremely low.

(B) ELEMENT 4/1-V

0

2

ELEMENT
1

1/2-V

0

T

1 2

13

5

83

17.

8

52

3

18 104

101 43 58 202

Ho

0.00

C POWER

li 0.1688

0.01 12 10.1020

0.02 13 10.0577

CONCLUSION The postylated connection is accepted as valid at

the absolute 'Ho level; although the power is extremely low.

(C)

ELEMENT

5/4(A)

2

1

0

ELEMENT 5/3(A)

0. 1 2 T

8

4

109

3
/1.

2

47

3

.22 4

58

9

135

T 121 27 54

Ho C POWER

0.00

0.01

7 0.3708

8 0.2425

071481

CONCLUSION The postulated connection is accepted, as valid at

the absolute Ho level, although the power is particularly low.

307

.295



(A)

ELEMENT

5/3(A)

2

1

0

T

ELEMENT

0 1

TABLE 8/17

5/200

2 T

36 11 54

22 5 '0 27

102 18 1 121

160- 34 8 202

296

Ho

0.00

0.01

0:02-

C POWER

6 0.0038

6 0.0038

6. 0-.0038

tt

CONCLUSION The-postulated connection is accepted as valid at

the absoltite Ho level, although the power is extremely low:

(B) ELEMENT 5/2 (A)

- ELEMENT
1

4/1-H

0

T

0 1 2 T

55. 20 6 81

8 3 1 12
MN.

-9-1- 109

160 34 8 202 --

Ho

0.00

0.01

C POWER

5. 0.0065

6 0:0015

6 0.0015

0, CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

2

ELEMENT

4/1-V
1

-0

ELEMENT 5/2 (A)

0 1 2 T

.42 15 5

20

98

7 3

12 0

62

30

110

T i60 34 8 202

Ho C POWER-.

0.00

0.01

0.02

6 0..0027

6 0.0027

6 _0.0027,

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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(A)

,

ELEMENT

5/3(B)

TABLE 6/18

ELEMEPIT 5/2 (B)

.0, 1 2 'T

2 35 6 58 99

1 8 2 3 13

0 87 90

T 130 11 61. 202

Ho

0.00

0.01

0.02

POWER

3 0.8866

5 0.6230

7 0.3145

CONCLUSION The postulated connection is accepted as valid at

the'absolute'Ho level, although the power is relatively low.

(B)

2

ELEMENT

1/1(B)-H/C
0

T

ELEMENT 5/2(B)

0 I. 2 T

39 4 49 92

10) 2 9 '21

81 5 3 89

130,

1-

11 `61 202

Ho POWER-.

0.00

0.01

0.02

5 0.6753

6

8

0.5200

0.2409

COMMON The postulated connection is accepted as valid at
the absolute Ho level, although the power is relatively low.

(C)

ELEMENT
5/2(B)

26

ELEMENT '5/1

0 1 2 T

2 39 .16 6 61 Ho C POWER

1 10, 1 11 0.00 4 0.0045
O;

0 124 0 130 0.01 4 0.0045
NE.

-T 173 23 6 202 0.02 4 0.0045

CO C USION The postulated connection is accepted as valid, atk'N6

the abs lute Ho level, although the power is extremely low.
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(A)

ELEMENT

5/2 (A)

. TABLE 8/19

2

1

0

T

ELEMENT 5/1

0 1 2 T

1 4. 6_ 11

2 5 0- 7

170. 14 ó 184

_173_ 23. 6. 202

Ho . C POWER

0.00

0.0)1

0;0944

0.0044

0.0009

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is'extremely low.
o

2

ELEMENT
1

4/1-H

0

ELEMENT 4/1-H (Retest)

0 . 1 2 T

7\

17

85

4

5

49

29

3 3

60

51

91,

T 109 12 81 202

Ho C i POWER

0.00

0.01

0.02

17 1 0.2218

18 10.1539

19 X0.1021

CONCLUSION This skill was not acquired by any significant

pioportion of students in the process of attempting more Complex
capabilities.-

(C)

. ELEMENT

4/1-V

2

1

0

T

ELEMENT 4/1,LV (Retest)

0 1 2 T

POWER5 13 40 58 Ho

15 11 17 43 0.00 14 0.1588

90. 6 5 101. 0.01 15 0.1005

110 30 62 0.02202 16 0.0602

CONCLUSION This skill was not acquired by any significant

proportion of students in the process of attempting more complex

capabilities.
0.
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"ft (A)

2

ELEMENT
1

5/2(A)

a

TABLE 8/20

ELEMEVT 5/2 (A) (retest)

0 I .2 T

0 6 8

25 k 4

157 3

5 34.

0 160

T 184 1 7 11 202

.Ho

0.00 13

.299

POWER 1

0.0020 -

0.01

0.02

13 0.0020

4 0.0007

CONCLUSION This skiji was not acquired by any significant

proportion of students in the process of attempting more complex

capabilities.

(B)

2

ELEMENT
1

6/5(B)

0

T

ELEMENT 6/4 (3)

0 1 2'

25 7 104 136 Ho

6 1 8 15 0'. 00

44 3. 4 51 0..01

75 11 116, 202 0.02

C POWER

4

7

0.9937

0.9182

9 0.7680

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

,CLEMENT

6/4(B)

ELEMENT 6/3(B)

0 1 2 T

2 31 11 74 L16 --, Ho

1 2 .6 11 0-. 00

0 58 12 5 75 0.01

T 92 ,25 85 202' 0.02

C POWER

6 0.8365

8 0.6045

9 0.4711

CONCLUSION THe.postulated connection "is -accepted as valid at
the absolute Ho level, although the power is relatively low.

o
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(A)

TABLE 8/21

ELEMEPT 6/2-s

2 T _0 1

2 18 23

ELEMENT 1
.5

6/3 (B)

0'
ti

-,107 1

T 146. 29

\27

0

0

27

68 Ho

26 0.00

108 0.01.

202 0.02

C. POWER

7 0.0496

'7 0.0496

8 0.0203

o.
CONCLUSION The postulated connection is accepted as valid at
the absolute Ho level, although the power is extremely lOw.

(B)

2

ELEMENT
1

6/3(A)-S

0

I

ELEMENT 6/2 -s

0. 1 2 T

44 14 1 27 85 Ho C POWER

.25 15 f 0 40 0.00 7 0.0489

77 77 0.01 7 0.0489

146 29 27 202 0.02 8 0.0199

CONCLUSION The postulated connection is accepted as valid at
th4 absolute Ho level, although the power is extremely,low.

(C)

2

ELEMENT
6/5(B) 1

0

ELEMENT 6/2-.s

0 1 .2 T

,49
23 23

22 4 27

75 5 0

T 146

80

29 27 202

300

CONCLUSION The postulated connection is accepted as valid at
the absolute Ho level, although the power is extremely low.
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(A)

-TABLE 8/22

-ELEMBIT 6/2-C

0 1 2 T

2 35 14 34 83

ELEMENT
1 13 2' 0. 15

6/3(B)

0 103 1 0 104

1 T '151 17 34 202

. .

CONCLUSION The postulated connection is acceptedas valid at

the absolute Ho level, although the power is particularly low.

4,

Ho 'C POWER

0.00;

. 0.01

0.02

4 0%3405

6'

0.1894

0.0931

(B) ; ELEMENT _ 6/2-C

.

0 2 T

2 35 12 34 81

ELEMENT
. 1 12' 4 0

6/3(A)-C .0.""

0 104 1' 0 105

T 151 17 34 .202'

HO C POWER

O. 00

0. 01 ,

0.02

4 0.3483

5 0.1952

0.0969

0

4CONCLUS,I0ti The postulated connection is accepted as valid at

the absolute Ho level, although the power is partiOularly low.

(C) ELEMENT 6/2-C

2

ELEMENT

0 1 2 T

52 iii 321 95

1 21 41 21 27'
6/5(B)

78 2 080
'1 151 17 34 202

Ho C POWER

0.00 5' 02189

0.0].

0.02 6

0.2189

0.1123

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is-extremely low.

.
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(A) .

2

ELEMENT
1

6/2 -S" 0

T

C

TABLE 8/23

ELEMEIIT 6/1-H/S

'0 1 2, T

7 12 27,

18 6

143 2 1 146

168 20 14 202

a

Ho C POWER

0.00

0.01

8 0.0060

8

0.02 8

0.0060

if.0060

.

CONCLUSION The postulated connection is accep.ted-s valid. at

the absolute Ho level, although the power is extremely 19w.

(B)

"ELEMENT

6/2-C

302

1

1

0

T

ELEMENT 6/1-fri/C

o r 2 `T

Ho POWER

,
d

a
13 16 34'

11 1 5 17 0.00 5 0.0999

143 7 1 I 151 0.01 6 0.0412

167 13 '22. 202 0.02 7 0.0151

CONCLUSION The postulated connection is accepted as valid at

, the absolute Ho level, although the power is extremely low.

..

(C)

2

ELEMENT
1 /1(B) -H /S1

0

T

ELEMENT 6/1-%i&

0. i 2 T

Ho POWER89 ',18 13 120

0 37. 0.00- 3 0.0912

44 0 r 45

-

0.01 4 0.0286

168 20 14 202 0.02 0..0286

CONCLUSION .The postulated connection is accepted as valid at

the absolute Ho level, although the ,power is extremely low.
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(A) ELEMENT

-TABLE 8/24

0 .1 2 T

2 -116 12 22 '150

ELEMENT
1 15 0 0 15

1 /1(B) -H/C

. 0 36 1 0 37

N
T 167 13 22 202

ti

Ho C . POWER

0.00 2 0.3958

0.01 3.

0.02
t

4

0.1933

0.070

CONCLUSION 'bite postulated connection is accepted as valid at

thie abiolute Ho level, although the Power is particulrly, low.

ELEMENT

6/3 (C)

2

0

T

ELEMENT .6/2-S

O. 1 2 T

HO37' 12 76

31 17 ,0 48 0.00

78 0 0 18 0.01

146 29 27 202 0.02

C POWER

8 0.0378

,8 0.0378

9 0:6156

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely

`(C) ELEMENT
1
6/2-C

ELEMENT

6/3(C).

-

.

2

1

0

T

0 1. T

4

Ho' C31 '12 34 77

16 5 0 21 0.00 5'

104 0 0 14) 0.01 6

170 3% 202 0.02 6

POWER

0.2246

0.1161

0.1161

CONCLUSION ,The postulated connection is accepted as valid at

the absolute Hp level, although the power is extremely low,

9
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TABLES 8/25-8/29

Subdivisional Analysis Results for Programme III

(Victoria)

PRELIMINARY NOTES

1. The following results are presented in correlation-matfiR form,

listing the munber_ofquestrons correct for each element, and

appropriate marginal totals.

2. The classification code for each element is outlined in Tabl'es
_

-------------- 5/45/10, and a list of the relevani subdivisional question

groups is presented in Table 8/1.

3. P represents the combined probability that the observed number

of students in the 0/2 and /0 cells could have occurred through

chance (or errors of measurement) under the null hypothesis

that no-one can possess only one of.the relevant subdivisional

skills without alsq_having the other..

4. The H/V co-ordinate analysis for element 1/2 (Retest) is replaced

in this i
case by a test of integral/decimal difference for

element 4/3, presented in Table 8/28(A). The retest resulte

for element 1/2 were consistent with those for the original H/V

test.

J

s-



.s.

(A)

2
GROUP

1

0

T

ELEMENT

GROUP 2

0 1 2 T

26 54 111 191

2 2 5

4 2 0 6

32

1/3

58 112 202

TEST H/V (Position)
t

(BY

GROUP 2

0

,2 17 14 62 93

GROUP
1 11 7, 7 25

1

0 72 7 84

T 100 26 76 202

ELEMENT 1/2

TEST H/V (Co-ordinates)

P = 0.0000 P = 0.0000

CON C S I ON Question groups CONCLUSION Question groups

nr1 a 2 represent different

subdivisional skills.

1 and 2 represent different

subdivisional skills.

(C)
GROUP 2

0 1 2 T

GROUP 3

0 1 2 T

2 15 16 37 68 . 2 4 1 63 68
GROUP GROUP

1 7 3 13
1

1 4 2 7 13

0 84 11 26 121 0 108 3 10 121

T 106 30 66 202 T 116 6 80 202

ELEMENT 1/1(3)

TEST H/4. (Co-ordinates)

P = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

CO

ELEMENT 1/1(B)

TEST Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

1 and 3-represent different

subdivisional skills.

011-7
tr
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(A-)

\

-----__

---,_ 2

';GROUP

2 '

0

GROUP 4

2------i---------slBY0 1

TABLE 8/26
.

0 8 58 66

. 83

7 17 ,30

12- 11 106

T 89 27' 86 202-

ELEMENT 1/1(B)

TEST Straight Line/Curve

p = 0.0004

CONCLUSION Question groups

2 and 4 represent different

subdivisional skills.

(C)

. GROUP 3

0 1
-. -

2

GROUP

1
, 1

0

3 7

2 'T
,.,

32 : '42

7 ".3 13

119 11 7

,

2

GROUP.
1

1

0

T

GROUP. 2

0 1 '2 T

-, 12 3 27 42

10 4 9 23'

118 9 10 137

140 16 46 202

ELEMENT 1/1(A)

TEST H/V (Co-ordinates)

P = 0.0000 .

CONCLUSION QueStion groups

1 and 2 represent different

subdivisional skills.

(D)

2

GROUP
23 ,,, 1

.z....: 2

137

T 129 21 52 202

'ELEMENT 1/1(A)

TEST Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

land 3 represent different,

sUbdivisidnal skills.

0

T

GROUP 4

0 1 2 T

3 2 41 46

6 7 16

123 7 10 140

132 12 58 202

ELEMENT 1/1 (A)

TEST Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

2 and 4 represent different

subdivisional skills.

, .;.
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TABLE 8/27',

GROUP 2/1(S)-2

0 1 2 T ( B ) .

2 5 11 -21 37 2

GROUP
1

2/1(A)-1

,111,

25 11 13
GROUP

49
1

0 110 1 116 0

T

ELEMENT

140

2/1 (A)

27

-2/1

35

(B)

202 T

ELEMENT

GROUP 2

1 2

2 9 25 36

10 13 9

128 5 1 134

140 27 35 202

2/1 (B)

TEST Interpolation/Extrapolation TEST Line/Points

P = 0.1594, P = 0.2253

CON CLUS ION Elempnts 2/1(A)

and 2/1(B) represent the same

skill.

(C)
GROUP 2

0 1 2 T

2 5 9 5; 66
GROUP

1
1 12 '16 21 49

0 79 6 2 87

t, 96 31 75 202

ELEMENT 3/2 (A)

TEST Max./Min. Values

P = 0.0584

CONCI;USION Questiori groups

1 and 2)-represent the same

suLdivisional skill.

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.

(D)

2

GROUP
1

0

T

GROUP 2

0 1 2 T

24 43 125 192

1 1 1 3

-4 2 1 7

29 46 127 202

ELEMENT 1/3 (Reteft)

TEST H/V (Position)

P = .o.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

319



(A)
GROUP. 2

0 1 T

TABLE 8/28

(B)
GROUP 2

0- 1

2

GROUP

11 17 165, 193' 34 19. 102 155
GROUP

1 1 1 5 7 4 0 3 -7
1 1.

0 2 0 0 2 0 3 1 17171

. T 14 181 170 202 T 75 20' 107 202

ELEMENT 4/3 ELEMENT 4/2

TEST' I/D (Numbers)

P = 0.0000

CONCLUSION Question groups

1 and*2 represent different

subdivisional skills.

TEST H/V (Displacement)

P.' 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(C)
GROUP 2 GROUP 3

(D)
0 1 2 0 1 2 'T

2 5 19 36 60 2 2 5 113 120
GROUP GROUP

1 14 18 19 51 1
1

3 9 25 37

,0 82 6 3 91 0 32 1 12 45

T 101 43 58 202 T 37 15 150 202

ELEMENT 4/1 ELEMENT 1/1(B) (Rete-st)

TEST' il/V (Displacement)

P = 0:2788

TEST Straight Line/Curve

P = 0.0000

C,CONCLUSION Question groups CONCLUSION 'Question groups
1 and 2 represent thesame 1 and 3 represent. different

subdivisional skill. subdivisional skills.



(A)

GROUP'

1

2

1

0

T

TABLE 8/29

GROUP 2

0 1 2 T

27 21 88 136

7 4 4 15

46 -2 3 51

80 27 95 .202

ELEMENT 6/5(B)

TEST Numerical Range

P = 0.0000

CONCLUSION Question groups

1 and 2 repreSent different

subdivisional skills.

(B)
GROUP 2

0 1 2 T

309

2 14 6 65 85.

GROUP
1 23 5 12 40

'1

0 68 5 4 77

T 1 105 16 81 -202 sp.

ELEMENT 6/3 (A)

TEST Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(C)
GROUP 2 GROUP 2

(D)
0 1 0 1 2 T

f."

2 1 7 19 27 2 1 0 13 14
GROUP GROUP

1 1 12 6 11 29
1

1 8 6 6 20

0 138 4 4 146 0 158 7
"

168

T 151 17 34 202 T 167 13 22 202

ELEMENT 6/2 ELEMENT 6/1

TEST Straight-Line/Curve

p = 0.0047

CONCLUSION Question groups

1 and 2 may represent the same

subdivisional skill.

TEST straight Line/Curve

P = 0.0162

CONCLUS ION Question groups

1 and 2 probably represent the

same subdivisional skill.
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FIGURES 8.2-8.7

Outline of the'Validated Learning Hierarchy for Programme III

(Victoria)

PRELIMINARY NOTES

1. The classification code for each basic skill is outlined in

Tables,'5/4-5/10, and abbreviations used for the relevant

subdivisional conditions are listed in the preliminary notes

for:Tables 6/4 -6/25.

2. Lines representing hierarchical connections are classified

according to the following key.

.../

Connection accepted as valid at the absolute tio

level.

Connection accepted as valid at weaker (0.01 and 0.02)

Ho levels.

- - .m WORM Connection rejected as invalid at all three

specified Holevels.
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1. Introduction

In order to determine the influenCe of different curricular
f

hackgrOund on the postulated learning hierarchy of graphical

interpretation skills; it was decided to test the first validation

programme in two other states of Australia. Queensland and South

Australia were selected for this purpose, becaube of certain basic

differences in the structure of the educational systems, and more

specifically in approaches to the teadriing of,primary mathematics.

° With respect to the basic structural differeilices, both Queensland

and South Australia have a five-year period of seccndary school,

preceded by a seven-year primary school system with nR, universal

pre-school year, while Victoria has a more general pre-school year,

a six-year primary system and another six years of secondary school.

Interstate differences'in degree of pre-school training also mean

that equivalent years of formal schooling for different states do

not indicate equivalence in mean student age. Differences in relevant

curricular background are more difficult to" de4ne, and these are

further discussed below.
1

The total characteristics of specif/ic curricular background wnich

influence the learning of new material/can not be precisely determined

for .tny individual student, much lessia sizeable population.

However estimates or assumptions of jeneral capability can probably

he made on,a state-wide basis with 'respect to certain common characteristics
I

a prescribed curricular experience. These estimates of general

capability could be determined most effectively by a comprehensive

pretest of relevant knve.ledge or skills, but this method w e rather
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tedious,'and might not in any case cover the range of potentially

useful prerequisites for any given set of new intellectual skills.

A weaker, but more practical alternative involves the analysis of

. content in previOus courses of study, where these are defined in

relati.rely specific terms>. with the assumption that this would at

least, define the limits of relevant experience, if not particular
0

levels of competence. Since the courses in primary mathematics are

.outlined inconsiderable detail for all three states concerned in this

research, the method of curriculum content analysis was considered

appropriate and sufficient to determine any fundamental differences

in relevant content or approach. Thus a summary of the salient

features for each curriculum programme is presented below, with a

more detailed outline of graphical and statistical content presented

In Tables 9/1-9/3.

The primary mathematics curriculum guide for Victoria (Education

Department/Victoria 1965 -1969) incorporates a series of progressively

'sophisticated sections of work in both Pure and Applied Number, with

an independent segment on "Statistics and Graphs" in each Applied Number

section. The general approach for each of these sections is based

on the philosophy of conceptual development proposed initially by

Piaget (1950) and more recently by Bruner (1960), in that the specified

sequence of activities emphasises the gradual transition from

manipulations with concrete objects to various forMs of abstract

representation (see Table 9/1). With respect to the segments on graphical

skills, theie is no explicit sequence of specifically defined

constructional or interpretative abilities, and no consistent reference

30



, TABLE 9/1

Outline of Graphical and Statistical Content for Victorian Primary

Mathematics Curriculum

0

319

SECTION CONTENT ("Statistics and .Graphs")

A-C Comparison of rows with different' numbers of

(Applied objects; Recognition of symbols.

Number)

D-F Use of 3-D symbols (e.g. beads); 2-D symbbls

(Applied (bars and paper strips); Pictorial representation

Number) with charts, bar graphs and pictographs.

G Further use of bar graphs and pictographs, with

(Mathematics) examples based only on positive integers.

H-I

(Mathematics)

Collection of tabular data; _Construction and

Interpretation of Simple Histograms; Introduction

to line graphs; Measures of central. tendency 4,

(Mean, median and mode.)

NOTES

1. Revisionary topics are not included in this table.

2. The sections listed aboVe have no direct relationship with

formal academic, grades, but are intended to cover progressively

all six primary.years.
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TABLE 9/2

320

Outline 'of Graphical and Statistical Content for Queensland

Primary Mathematics Curriculum.

4te:

STAGE (Grade) CONTENT ("Statistics and Graphs")

3 (2-3) Introduction to simple pictographs.

4 (3) Pictographs (continued); Construction of

simple histograms; Number line measurements;

Histogram variations.

5 (4) Horizontal and Vertical bar graphs). Introduction

to co-ordinate mapping.

6 (5) Complex bar graphs; Circle graphs; Cartesian

co-ordinates and ordered pairs.

7 (6) Broken line graphs with maximum and minimum values;

Continuous line graphs; Interpolation and

Extrapolation; Introduction to negative

co-ordinates; Measures of central tendency.

8 (7) Mapping and interpretation of simple mathematical

relationships; Complex Histograms and frequency

polygons; Probability and investigation of

random events. -\\

NOTE

Revisionary topics are not included i. this table.
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TABLE 9/3

Outline of Graphical and Statistical Content forSouth

Australian Primary Mathematics Curriculum

GRADE CONTENT ("Statistics and Graphs")

3 Introduction to Number lines; Collectidn and,

organisation of data; Construction of two-

dimensIonal grids; Pictographs; Bar and column

graphs; Linear scales.

4 Eitension of earlier skills to cover fractions

5

6

7

and decimal numbers.

Circle graphs; Two-dimensional co-ordinate

mapping (withaximumand minimum values) and

interpretation of simple mathematical

relationships.

"Rounding off" numbers and choosing scales;

Line graphs; Interpolation and extrapolation;

Composite bar graphs; Circle graphs; Co-ordinates

and ordered pairs; Graphical equations and truth

sets.

'Extension of line-segment graphs to cover

negative and fractional numbers; Mapping simple

linear functions; Introduction to Probability.

NOTE

Revisionary topics are not included in this table.
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to any particular informational model, although an extensive list
0

of general suggestions is given at a later stage. Moreover.no

reference is made to the use of number tines in relation to graphical

work, although they are widely used in Pure Number sections for basic

numerical operations. In fact there is generally little correlation

between developments arising from the Pure Number sections of the

relevant curriculum guides and corresponding graphical or statistical

applications.

The "Program in Mathematics for Primary Schools" in Queensland

(Education Department/Queensland 1966-68) is divided into eight

sequential stages covering seven primary grades, and incorporates

within each stage (beginning at stage three for grades two and three)

a separate section dealing with "Statisticsand Graphs." In contrast

with the Victorian curriculum, this programme is based on a.

hierarchical approach consistent with Gagn6's (1965) model of learning,

and incorporates a logical sequence of specifically defined and

progressively complex conOructional and interpretative skills. The

sequence of particular topics for each instructional stage is presented

in Table 9/2. In contrast again with the Victorian curriculum, the

abilities of abstract and pictorial representation associated with

graphical skills are assumed in the Queensland programme even at the

introductory level (stage three). Various informational models, of

both general (or symbolic) and more specific nature, are used throughout

the relevant sections of this programme. On the other hand, however,

the numerical range used for graphical and statistical applications,

although probably more extensive than the corresponding sections in
V

9r1,71tru-2
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the Victorian curriculum guide, is still considerably more restricted

than in other similarly graded sections of the Queensland mathematics

programme.

The "Course in Mathematics" for South Australian primary schools

(Education Department/South Australia 1969-71) is similar in general

approach to the Queensland programme mentioned above, although the

sequence of basic graphical skills is certainly not the same. The

sections on "Statistics and Graphs" for the South Australian course.

are introduced at the grade three level, and a comprehensive list of

the topics covered in these sections is presented in Table 9/3. The

differences in sequence between this and the Queensland programme can

,A easily be determined by a comparative review of the respective

curriculum outlines in Tables 9/3 and 9/2. All of the graphical

skills for the South Australian course are introduced with simple

(integral); number systems, then later reinforced and extended to a

wider numerical range, although negative numbers are.rarely used in

any section of the course.

Perhaps the most fundamental difference between the various

curriculum programmes outlined above, at least with, respect to the

treatment of statistics and graphs, is that of general approach between

the Victorian course and those for the other two states. This

difference in basic approach also has an important effect on the treatment

and selection of more specificcontent areas, and thus in relation to

these the Victorian course also differs from the other two. It

incorporates, for example, no substantial coverage of cartesian

co-ordinate mapping or the reading of two-dimensional line-segment

335
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graphs, which are both important aspects of graphical interpretation,

and both covered in interstate curricula. In spite of the similarity

in general approach for the Queensland and South Australian courses,

and the fact that both contain a comparable range of constructional

and interpretative'skills, there are still considerable differences

in respective presentation sequence which could influence the subsequent

learning of more complex graphical skills.

It should be emphasised, perhaps, by way of a cautionary note,

that all of the curriculum programmes outlined above are relatively

recent publications, and that the materials they contain often

represent sivnificant changes in content, sequence or approach from

the former respective curriculum guides. Thus all of ,these state

curricula were, at the time of testing, in a more or less transitional

phase of general implementation, and although most of the students

involved in this experiment would have been expoSed for at least one

or two years to the current primary courses, their experience prior

to that could not be clearly defined. Moreover it seems from informal

discussions with teachers at most 01 _he participating schools that,

because of the inevitable confusion involved In curricular transition,

these students-would in general have covered very little by way of

.wstematic practice or instruction in graphical interpretation skills.

In addition, the high school curricular background of less than half

a year was generally considered not to be closely related to the

areas of graphical interpretation involved in the validation programme,
woo.'

and ha:. therefore been iodnored as a common influential factor for the

purposes of this research. These points are made only to emphasise

the distinction between actual student background experience and the

'836
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potential limits inferred from curriculum content analysis.

2. Interstate Administration of Validation Programme I .4.

The testing level chosen for interstate,schools in Queensland

and South Australia was again the first high school year. The

interstate students were not, as a group, equivalent in age to those

in the Victorian (Melbourne) sample, but as explained in section I

there is no universal equivalence in age and level of schooling across

these three states. The discrepancy is caused by certain structural

differences in the respective educational systems, including the extent

of pre-school trdining and acceptance of primary mid-year intake.

The schools for interstate testing in Queensland and South_

Australia were randomly selected from a list of metropolitan high

schools in each of the respective capital cities. Since only one

validation programme was used for both states, a full class of students

was involved from each'participating school, thus reducing to six
C

the number of schools required to maintain an equivalent Nample size

of approximately 2QWTitudents. Although all of these schools were

nominally co-educational, the particular classes involved did not

always represent both sexes. Moreover these schools were in some

cases academically streamed at the first year level, according to

various criteria of subject preference or performance. A list of -

the relevant student characteristics and appropriate selection criteria

for each participating school is presented in Tables 9/4 and 9/5.

The Queensland testing sample consisted of 204 first year

students from six metropolitan high schools in Brisbane (see Table 9/4
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for the number of students from each individual school). This

group contained approximately equal numbers of male and female4

students, ranging in age from 12 to 14 years (taken to the neatest

year) with a mean of 13.1. The South Australian group, consisting

of 212 first year students from six high schools in Adelaide (see

Table 9/5 for the number of.students from each individual school),

also contained, approximately equal numbers of male and female students,

. but in this case ranging in age from 12 to 15 years with a mean of

13.2. Thus both of the interstate student groups were, on average,

approximately six months older than the corresponding Victorian

sample (see Chapter VI).

The mean programme completion times for both the Queensland and

South Australian groups (shown respectively in Tables 9/4 and 9/5)

were significantly shorter at the 0:01 level than those for the-

corresponding Victorian sample, based on Studrit's t-test for'the

difference of sample means (see,Glass and Stanley 1970), This result

was not unexpected, because of the differences (outlined above) in -

age and academic level. However as in the previously listed

experiments, the working rate for tested classes in Queensland and-

South Australia was generally constant throughout the validation

programme, and thus the respective progression graphs (Figures 9.1

and 9.2) are again approximately linear to the point of first

completion.

338
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6. Wavell - Coeducational class with students of low and average a
ability (top two classes only selected on the basis of

academic ability).

, .

940
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6. Wavell - Coeducational class with students of low and average a
ability (top two classes only selected on the basis of

academic ability).

, .

940
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TABLE 9/5

Sam le Numbers, Com letion Times and Class Selectibn

Criteria for South Australian Schools (Programme I)

329

HIGH SCHOOL N er of Shortest Longest .

0 Stu ents in Completion . Completion
- Sample Time (mins.) Time.(mins.)

Camp.p.elltown 32 - 83'

Christies Beach 31 42 82

Elizabeth 38 41 75

Marion 37 36 66

Norwood' 36.

'Underdale '.34

42

34

67,

77

Mean Completion Time 37.8 75.0

Standard Devidtion .4.4 7.2

Class Characteristics and Selection Criteria

1. Campbelltown - Co-educational group, consisting of 3 students

randomly selected from each of 12'dcademically graded first

year classes.

2. Christies Beach -Co-educational class of average ability,

streamed on the basis of primary results.

3. Elizabeth"- Co-educational class selected only according to choice

of foreign language.

4. Marion - Co-educational class based effectively on random allocation.

5. Norwood Co-educational group; consisting of four students

randomly selected from each of nine academically graded first
yoar claw:Qs.

6. - Underdale --Co-educational class of average ability, streamed

on the basis of primary results.

to'
.
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FIGURE 9.

Progression Rate for Programme I

(Oxley High School - Queensland)
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3. Interstate'Results for Validation Programme I

The interstate results for Programme I were subjected to the

same statistical analysis as that described in Chapter VI for the
.

local Victorian study. The validation results and specific conclusions

derived from this analysis are presented for the Queensland group in

Tables 9/6-9/27, and for the South Australian group in Tables 9/33-9/54.

The analysis of relevant subdivisional skills is subsequently

presented for Queensland in Tables 9/28-9/32, and for South Australia

in Tables 9/55 -9/59.

The levels of response inconsistency for both the Queensland and

South Australian students were of the same order as those for Victorian

students in each of the locally lested validation programmes. The

statistical power for interstate results, however, was often

considerably higher than that shown in the corresponding Victorian

results for Programme I, probably because of the lower interstate

difficulty levels for individual elements, which tended to increase

the difference between the null and alternative hypothesis conditions

with respect to the number of exceptions allowed for each hierarchical

connection (see,Chapter VI/section 2). Although encouraging in this

esPect, the combined effect observed in the interstate results of

s response inconsistency and
,

lower difficulty'levels also
,I\

emphasiSed the deficiency in_using only marginal totals to calculate
1

---.

1

thO'critical number of 0/2 cell exceptions for each correlation table.

in 'Table 9/l7'(B), for example, the calculated critical number is four

at L11(2 absolute lie level, obviously attributable to the many errors

of measurement observed for the higher element, yet only one student

914



v...as unable to answer either question for the lower skill. In this

case, therefore, the postulated hierarchical connection could not

possibly be rejected, since almost every student succeeded at the

II lower skill. Similar results were also observed in other validation_

tests, and these are shown in Tables 9/18(A), 9/18(C), 9/23(B),

9/44(B), 9/45(A), 9/50(B), 9/51(C) and 9/52(C). In each of these

Cases the postulated connection was tentatively accepted as valid,

although the calculated power was clearly unrealistic.

Apart from the deficiencies mentioned above, the validation resrtlts

for 2ucensland (Programme I) were generally quite consistent with those

from the previous Victorian studies involving each of the three

validation programmes. The Queensland results were also internally

consistent with respect to the parallel connections between analogous

subdivisional skills at different levels of the postulated learning

hierarchy. In fact for the Queensland study almost every postulated

hierarchical connection was accepted as valid at one of the specified

Ho levels, and most were accepted at the absolute level.

all of the weaker connections ()cc rred, as expected from the

previous Victorian results, in areas -3 (Figures 9.3-9.5), where the

Almost

repetitionof instructions for simpler Shills gave additional

opportunities for the students to acquire those skills 'in the process

of attempting more complex capabilities. This i,ffect was, particularly

pronounced for element 1/1(A) (see Table 9/16(C)), but-,insignificant

for all of the skills retested in areas 4-6 (Figures 9.6-9.8), which

were. covered in sections 2 and 3 of the same validation programme.
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M'any of the subdivisional analysis results for the Queensland.

testing programme (Tables 9/28-9/32) failed to differentiate 'between

postulated subdivisional skills. This lack of discrimination was

often due to extremely low difficulty levels, as shown for elements

1/3, 1/1(B) (Retest) and 4/2, and for these elements the results are

inconsistent with those for analogous tests in the Victorian validation

studies. In other cases, however, where no discrimination was made

between postulated subdivisional skills, for example in elements 3/2(A),

4/1,, 6/3(A) and 6/1, the results are generally consistent with those

for the previous studies. Area 6 is probably an exceptional case,

in that none of the validation experiments have so far produced

internally consistent subdivisional analysis results for this set of

basic skills.

The validation results for South Australia (Tables 9/33-9/54)

were generally much less positive or clearly defined than those for

the Queensland study, in that many of the postulated hierarchical

connections for areas 1 and 2 were rejected as invalid at all three

specified Ho levels, "and several connections in other areas were

accepted only at one of the weaker levels. In area 1, for example

(see Figure 9.9), almost all of the parallel connections between element

1/2 and the relevant terminal skills (elements 1/1(A) and 1/1(8))were

rejected as invalid. A similar result, though less extreme, was also

produced in the previous Victorian study with Validation Programme
I

(Chapter V1). Moreover the results for area 2 (see Piqure 9.10 for

the 't";outh Australian group) were almost identical for both of these

validation, studies, and again involved certain inconsistencies between
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-supposedly parallel connections. The cause of these inconsistencies

was obviously the same, and involved the repetition of certain basic

instructions in progressively complex skills. Retesting results in

area 1, for example, showed that a,significant proportion of students

were able to acquire the relevant skills for both elements 1/2 and

1/1(A), not previously possessed, in the process of attempting more

complex capabilities (see Tables 9/43(B) and 9/43(C)). Although.

none of the postulated connections in areas 3-6 (Figures 9.11-9.14)

were completely rejected, some were accepted as valid only at weaker Ho

levels, and others (as explained above) could not possibly be rejected

becauge of extremely low difficulty levels.

The subdivisional analysis results for South Australia (Tables

9/55-9/59) show a relatively consistent pattern of discrimination\

between ppstulated subdivisional skills. In some cases, hovever,

for example in elements 1/3, 1/1(B) (Retest) and 4/2, the results are

probably unreliable because of extremely low difficulty levels. In

cases where the tests do not differentiate between postulated

subdivisional skills, for example in elements 4/1, 6/3(A) and 6/1,

the results are still consistent with those from the previous validation

studies. Perhaps the most significant difference from the earlier

studies is that in this case the calculation of maximum and minimum

values (element 3/2(A)) appears to involve different subdivisional

skills, while results for the analogous test in each of the previous

studies show no effective difference in these abilities.

to



9

4. General Implications from the Interstate Validation Studies

Although the validation results for Queensiand were clearly

\
consistent with those from the previous Victorian studies, ;the South

336

Australian results involved a number of specific inconsistencies.

These inconsistencies, however, were largely confined to areas 1 and/

2(both incorporated in section 1 of the, relevant validation programme),

and may be explained, as suggested above, by the incidental acquisition

of prerequisite or subordinate skills through subsequent repetition

of instructional notes. Thus the postulated learning hierarchy was,

at least for the larger part, similarly substantiated in all three

specified states, in spite df obvious differences in specific curricular

background (outlined in section 1), and other potential effect's of

differential age associated with the relevant student groups./

These results serve to establish, at least within a limited

empirical framework, the existence of common hierarchical learning

structures for students with different curricular background, and thus

also serve to'extend the potential application of validated learning

hierarchies beyond the immediate sampling population. To this extent,

the interstate validation studies confirm the feasibility of national

curriculum planning based on localised evaluation programmes, in

relation at least to those subjects where definite hierarchical structures

of intellectual skills can be established.

One of the most important questions arising from these results

concerns the limits to which learning hierarchies validated for a

particular student population can bb more generally applied. While

011/1t;
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the interstate studies above confirm some power of generalisation to

diflorf.nt student groups of comparable age and academic Jevel, they

'give no information on potential application to students with a

different type of social or cultural background. Thus in prder to

_test the potential application of a common learning hierarchy across

substantial differences in both cultural and curricular background,

the same validation programme (I) was given to a group of high-school

students in Papua/New Guinea, where the influence of Western culture,

-and of formal education in the European sense, has only recently been

extended to any real proportion of the indigenous population. .The

following chapter (X) provides a summary of the backgrourid to this

international validation study, together with an outline of specific

preparations and relevant administrative arrangements. This is

followed by a comprehensive list of results, and discussion of the

subsequent implications.

337



338

TABLES 9/6-9/27

Validation Results for Queensland

(Programme I)

PRELIMINARY NOTES

1. The following results arc presented in correlation matrix form,

listing the number of questions correct for each element, and the

appropriate marginal totals.

2. The critical number of exceptions (C) permitted in the 0/2 cell

of the relevant correlation table is listed, together with the

appropriate statistical power, for each of the null hypothesis

levels defined in Chapter VI (see preliminary notes for Tables

6/4-6/25).

3. The classification code for each element is outlined in Tables

5/4-5/10, and the relevant subdivisional conditions are presented

in Tables 6/4-6/25 (preliminary notes).



(A)

ELEMENT

1/3-H

TABLE 9/6

ELEMENT 1/2-H

0 1 2 T

2 19 4 177 200

1 0 0 2 2

0 1 0 1 2

T 20 4 180 204

Ho C s P/OWER:

0.00

0.01

0.02

1 1.0000

7 0.9977

11 0.9492

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)-

ELEMENT

1/3-V

2

1

0

T

ELEMENT 1/2-V

0 lc 2 T

15 11 174 200

1 0 1 2

1 0 1 2

17 11 176 204

Ho C POWER

0.00

0.01

0.02

'2 1.0000

7 0.9943

10 0.9457

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level. although the power is unrealistically high.

(C)

ELEMENT

1/2-V

2

1

0

T

ELEMENT 1/1(B)v/s
.:,

0 1 2 T

23 24 129 176

4 3 4 11

10 1 6 17

37 28 139 204

Ho C POWER

0.00

0.01

0.02

6 0.9859

9 0.8865

11 0.7265

CONCLUSION The postulated connection is accepted as valid at

ilv absolute Ho level.
--.1

Q51'tsvaL
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TABLE 9/7

(A) 4
ELEMDIT 1 /1(A) -H /s.

0' 1 2 T

ELEMENT
1

1/1 (B) -V/$

0

.6 10

8 20

123 139

213

36 1 0 37

T 50 31 123 204

Ho C POWER

0.00 10 0.8383

0.01 12 0.6557

0.02 14 0.4372

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is' relatively low.

(B)

ELEMENT

1/2-V

2

1

0

T

ELEMENT 1/1(A)-H/S

0 1 2 'T

33 24 119 176

6 4 1 11

11 3 3 17

50 31 123 204

he

0.00

C POWER

5 0.9845

0.01 8 0.8656

0.02 10 0.6805

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

ELEMENT

1/2-H

2

1

0'

T

ELEMENT 1/1(A)-H/s

0 1 2 T

35 25 120 180

3 0 4

12 5 3 20

50 31 12'3 204

Ho I C POWER

0.00

0.01

0.02

6

8

10

0.9652

0.8709

0.6895

CONCLUSION The postulated, connection is accepted as valid at

the absolute Ho level.
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(A)

ELEMENT

1/2-H

TABLE 978

ELEMEtIT 1/1 (B):-B/s

0 1 2 T

2 15 19 146 1.80

1 1 0 4

0 6 5 9 20

T 22 24 158 204

Ho

0.00

0.01

0.02

C POWER

9 0.957

11 0.8710

13 0.7154

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

ELEMENT

1/1(B)-H/S

ELEMENT 1/1(A)-V/S

0 1 2 T

2 8 5 145 1.58 Ho C POWER

1 9 15 0 24 0.00 7' 0.9866

0 20 2 0 22 0.01 10 0.8993

T 37 22 145 204 0.02 12 0.7574

CONCLUSION' The postulated connection is accepted as valid at

the absolute-Ho level.

(C)

ELEMENT

1/2-H

ELEMENT 1/I(A)-V/S

0 1 2 T

2 23 19 138 180 Ho C POWER

1 4 0 0 4 0.00 6 0.9914

0 10 3 7 20 0.01 9 0.9198

T 37 22 145 204 0.02 11 0.7891,

CONCLUSION The postulated connection is accepted as valid at

the gecond (0.01) Ho level.
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. (A)

ELEMENT

'1/2-V

TABLE 9/9

2

ELEME141) 1/1 (A) -\r/s

0w- 1 2 T

21 18 137' 176

1 7 2 2 11.

0 9 2 6 17

T 37 '22 145 204

Ho C, POWER

0.00

0.01

0.02

5 0.9968

8

11

0.9557

.0.7844

CONCLUSION The postulated connection is accepted as valid at

the second' (0.01),Ho level.

(B)

2

ELEMENT
1

1/2-V

0

ELEMENT. 1/1(13Y -v/c

'0 1 2 T

16 -15 145 176.

4 1 6 11

6 4 7 17

T 26 20 158 204

Ho C POWER

0.00

... 0.01

0.02

7 0.9900

10 0.9186

12 0.7936

CONCLUSION The postulated connection is accepted as valid a

the absolute Ho level.

(C) ELEMENT 1/1(A) -H/C

2

ELEMENT

1/1 (B) -V/C

0

T

".t;
0

c
1 2 T

10 4 144 158 POWER

9 11 0 20 0.00 6 0.9939-

"24 2 0 26 0.01 9 0.9372

43 17 144 204
0.02 12 0.7414

CON'CLUS I ON The postUlated connection is accepted as valid at

the absofute:Ho

*.f

(
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(A)

2

ELEMENT
. 1

1/2-V

0

T

TABLE 9/10

ELEMENT 1/1(A)-H/C

0 1 2 T

26 13 137 176

8 1 2 11

9 3 5 17

43- 17 144 2d4 ti

Ho C POWER

0.00 4 0.9990

0.01 8 0.954

0.02 10 0.8600

.

CONCLUSION The postulated connection is accepted as valid at

./

the second (0..01) Ho, level.,

(B)

ELEMENT

ELEMENT insA)-H/C

0 1 2 T

.2 29 13 138 180 . fro C POWER

1 4 0 0 4 4 0.9990

0 10 4 6 20 0.01 8 0.9550

T 43 17 144 204 0,02 10 0.8590.

CONSLUSION The postulated connection is accepted as valid at

thle second (0.01) Ho level.
.

:(C)

2
ELEMENT

1
1/2-H

0

ELEMENT 1/1 (3) -we
40 i

0 2 T

25 4 151 180

0 1 3

8 1, 11

4

20

Ho C POWER

0.00

0.01

0..02 11. T 33

CONCLUSION The postulated connection is accepted as valid at
i

third (0.02) Ho level.
. .

2 1.00.90

7 0.9943

6 165 204 0. 9061

343'
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(A)

ELEMENT

1/1(B)-H/C

2

.ELEMEMT

0 1

TABLE 9/11

2 T .

I

$18 3 1 44 165

1 4 2 0 6
11.0,

0 27 5 1 33

T 49 10 145 204 -1

*344.

Ho C POWER

0.00 3 0.9998

0.01

- 0.02

7 0,9813

'10 0.8728

CONCLUS I ON The postulated connection is accepted As valid" at
.

the absolute Ho level.

(B) ELEMENT 1/1(A)-ii/C

ELEMENT

-)

2

11

0

T

0 1 2 T

Ho36 5 139 180

2 1 4 6.,00

11 4 5. 20 7

49 10 145 204 0.02 10

a'
,. I

POWER,

.99'58

0.9797.

0.8652

CONCLUSION The postulated connection is accepted as va

the second (0.01) Ho level.

(C)

ELEMENT

1/2-V

.1

2

1

0

'T

ELEMENT 1/1 (A)-v/c

0 1 - 2 T

C POWER

-;416

34 3 139 176 Ho

4 2 11 0.00 3 0.9998

10 3 A 17 0.01 7 0.9807

49 10 145 204 0.02 10 0.8695

CONCLUSION The-postulated,connect,i.on is apcepted asvalid,at

the second (0.01) Ho level.
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(A)

2
ELEMENT

1
1/1(A)-H/S

0

TABLE 9/12

ELEMEPIT 2/1(A) -H/P

0 1 2 T

14 5 104 123

7 19 31

23 10 17 50

42 221 140. 204
a

CONCLUSION The postulated connect1D

all three specified Ho levels.

(B),

2

ELEMENT %
1 9

1/1(3)-V/S

ELEMENT '2/1 (A)---19-13

0 1 2

17' 11 111 139

0 16

3

8

16

13

28

37

T 42 22 140 204

Ho

6.00.

0.01

0.02

,C ,POWER

11 0.9155

14 0.7090

16 0.5116

345

is rejected as invalid at \\

-Ho C POWER

a

0'. 01

9

-12

0.9562

0.7971

0.02 14' 0.6111

CONCLUSION The postulated connection is accepted as valid at

the third (0.02) Ho level, although the power at this level is

.,, particularly loW.

(C) ELEMENT , 2/1 (B) -Ws

0 1 2 T

2

ELEMENT
1

1/1(A)-H/S

0

12 9 102. 123

4 21 31

27 12 11 50

T 45

CONCLUSION

9

25 134 204

HO C POWER

0.00 12 0.8307

0.01

0.02

i4 0.6592

16 0.4547

The postulated connection is accepted asvalid at

the absolute Ho level, although the power is relatively low.
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TABLE 9/13

(AY ELE,MEMT 2/1(B)-HYS
"!

0 1 2 T

2 14 11 114 139

ELEMENT
1

,1/1(B)-V/S
9 6 13 28

0 22 7 37

T 45 25 134 204

CONCLUSION

the

(13)

The potulated

absolute Ho level.

ELEMOT

0

.

ELEMENT
1

1/1(A)7H/S

0

15

9

33

T 57

CONCLUS ION Th

the absolute Ho

(C)

2

ELEMENT
1 /1(B) -V /s 1

0

T

CONCLUSION

tfie absolute

Ho

0.00

o.oA.

0.O2

POWER

9 0.9410

12 0.7521

14 0.5512

connection is.

2/1(B)-H/P

accepted as valid at

1

,/ 19

5

89

17

11

2

123

31

50

30 117 204

13

0.7661

0.5615

14 0.4519

Ho C POWER

0.00

0.01

0.02

postulated connection is accepted as alid at

evel, although the power is relatively low.

E LEM T 2/1 (B) -H /P

0 1 2 T

19 2 99 139 Ho C POWER

11 11 28 - 0.00 9 0.8578

27 3 7 37 0.01 11 0.6776

57 30 17 204 0.02 13 0.4537

The postulated connection is accepted as valid at

Ho level, although the power is relatively low.

0 c
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(A)

2

ELEMENT
1

I/2-V

0

TABLE 9/14

ELEMENT 3/2 (A)-Max

0 1 2 T

16 29

2

13

2

120 165

4

5 13

8

31

T 31 36 137 204

Ho C POWER

0.00

0.01

0.02

12 0.7573

14 0.5579

16 0.3506

CONCLUSION The postulated connection is accepted as valid at

the second (0.01) Ho level, although the power at this level is

particularly low

(B)

2

ELEMENT
1

1/11A)-V/C
0

ELEMENT 3/2(A),-Max

0 1 2

18 29 129

6 3 8

7 4 0

T

176

17

11

T 31 36 137 204

Ho POWER

C.

0.00

0.01

0.02

7 0.9408

9 0.8176,

11 0.6150

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

2

ELEMENT

1/2-V
1

0

ELEMENT 3/2(A)-Min

0 1 2 T

14 30 121 165

2

7 11

3 8

13 31

T 23 44 137 204

Ho C POWER

0.00

0.01

0.02

17 0.,3639

19 0.1992

20 0.1386

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.
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,(A)

TABLE 9/15

ELEMEHT 3/2 (A) -Min

0 1 2 T

2 14 36 126 176 Ho C

ELEMENT
1 5 4 8 17 0.00 9

1/1(A)-V/C

0 4 4 3 11 0.01 11

T 231 44 137 204 0.02 13

348

POWER

0.7304

0.4967

0.2751

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

AZ,

(B)

2

ELEMENT
1

3/2(B)

0

ELEMENT 3/1

0 1 2

41

4

64 82

4 1

6 2

T 51 70

T

187

9

8

83 204

HO C POWER

0.00 6 0.4377

0.01 7. 0.2924

0.02 8' 0.1789

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

(C)

ELEMENT

3/2(A)-Max
1

0 18

ELEMENT 3/1

0 1 2 T

25

8

42 70

11

2

17

137

36

31

T 51 70 83 204

Ho I C POWER

0.00 15 0.0698

0.01 16 0.0398

0.02 16 0.0398

CONCLUSION The postulated connection is accepted at the

al-A;olute Ho level, although the power is extremely low.



(A)

2

ELEMENT
1

3/2(A)-Min
0

TABLE 9/16

ELEMENT 3/1

0 1 2 T

23

15

AN,

47 67 137

14 15 44

13 9 1 23

T 51 70 83' 204

Ho C POWER

0.00

0.01

0.02

13 0.1016

14 0.0588

15 0.0321

CONCLUSION The postulated connection is accepted as. valid at

the absolute Ho level, although the power is extremely low.

(B)

ELEMENT

1/2-V

2

1

0

ELEMENT 1/2-V (Retest)

0 1 2 T

16 7 153

4

11

1

0

6

6

176

11

17

T 31 8 165 204

Ho C POWER

0.00

0.01

0.02

3 1.0000

8

11

0.9871

0.9091

CONCLUSION This skill was not acquired by any significant

proportion of students in the process of attempting more complex

capabilities.

(C)

ELEMENT

1/1(A)-V

ELEMENT 1/1(A)-V (Retest)

0 1 2 T

2 4 4 137 145 Ho POWER'

1 2 , 5 10 0.00 20 0.9989

0 5 10 34 49' 0.01 22

T 11 17 176 204 0.02 23

349

CONCLUSION This skill was acquired by a significant proportion

of students in the process of attempting more complex capabilities.
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350
TABLE 9/17

ELEMENT 4/2-H

0 1 2 T

. 2 5 4 188 197

ELEMENT
II

1 2 1 3 6
4/3

0 1 0 0 1

T 8 5 191 204

Ho POWER

0.00

0.01

0.02

2 1.0000

0.9948

'11 0.9535

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.

(B)

2

ELEMENT
1

4/3
0

T

ELEMENT 4/2-V

0 1 2 T

9 56 132 197

1 21 3 , 6

1 0°I 0 1

11 58 1 135 204

Ho C POWER

0.00

0.01

0.02

4 0.2379

5 0.1165

6 a.0501

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.

(C)

ELEMENT

1/3-H

2

1

0

T

ELEMENT 4/2-H

0 1 2 T

5 5 191 201

0 0 1

2 0 0 2

8 5 191 204

Ho C POWER

0.00

0.01

0.02

2

8

1.0000

0.9949

11 0.9540

CONCLUSION The postulated connection is' accepted as valid at

the absolute Ho level, although the power is unrealistically high.
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(A)

TABLE 9/18

ELEMENT 4/2-v

0 1 2 T

2 ,9 56 134 199

'ELEMENT
1 0 2 0 2

1/3-V

0 2 0 1 3

C 11 ,58 135 204

351

Ho C POWER

0.00

0.01

0.02

7 0.0729

7 0.0729

8 0.0323

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)

ELEMENT
4/2-H

2

1

0

T

ELEMENT 4/1-H

0 1 '2 T

11 23 157 191

0 1 4 5

6 1 1 8

17 25 162 204

Ho C POWER

0.00

0.01

0.02

7 0.9724

9

12/

0.8985

0.6478

CONCLUSION The postulated connection is accepted as valid at

the absolute !;o

(C)

2

ELEMENT 4/1-V

0 1 . 2 T

C7 10 118 1.35 Ho
ELEMENT

1 4 9 45 58 0.00 15
4/2-V

0 5 1 5 11 0.01 17

T 16 20 168 204 0.02 19

POWER

0.8163

0:-65.57

0.4669

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.
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TABLE 9/19

(A)

2

E LEMEMT 4/1H

0 1 2 T

Ho7 18 -148 173

ELEMENT
1 3 3 4 10 0.00 11

1/2-H
I

0 7 4 10 21 0.01 14

T 17 25 162 204 0.02 16

1

POWER

0.9012

0.6773

0.4750

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

ELEMENT

1/2-V

2

1

0

T

ELEMENT 4/1v

0 1 2 T

7 14 150 171

2 2 9 13

7 4 9 20

16 20 168 204

Flo C POWER

0.00 10 0.9555'

0.01 13

0.02 15

0.8043

0.6277

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

ELEMENT

5/4 (A)

ELEMENT 5/3 (A)

0 1 2 T

2

13 9 161 183 Ho C

1 0 0 2 2 0.00 4

0 12 0 7 19 0.01 8

T -25 9 170 204 0.02 11

POWER

0.9999

0.9898

0.9234

CONCLUSION The postulated connection is accepted as valid at

the second (0.01) Ho level.

364

352.

a



353

(A)

ELEMENT

5/3 (A)

TABLE 9/20

ELEMENT 5/2(A)

0 1 2 T

2 71 16 83 170

1 3 3 9

0 20 3 2 25

T 94 22 88 204

Ho C POWER

0.00

0.01

0.02

3 0.9793

6 0.7902

8 0.5340

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

2

ELEMENT
1

4/1-H
0

T

ELEMENT 5/2(A)

0 1, 2 T

61 13 77 151

1.0 4 9 23

23 51 2 30

94 22 88 204

HO I C POWER

0.00

0.01

0.02

5

7

9

0.9062

0.7150

0.4519

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C) E LEMENT

0 1

2

ELEMENT
1

4/1-V

0

5/2(A)

2 T

160

15

29

63 16

9 1

:81

5

22 2

T 94 22 88 204

Ho C POWER

0.00

0.01.

0.02

0.9503

6 0.8038

8 0.5539

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.



(A) ELEMENT

354
TABLE 9/21

5/2(B)

2

ELEMENT
1

5/3(B)

0

T

0 1 2

14 3 104

18 5 13

43 4 0

75 12 117

T

121

36

47

1204

Ho C POWER

0.00 8 0.9313

.0.01

0.02 113

10 0.8a0

0.4943 1

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

ELEMENT
1

ELEMENT 5/2(8)

0 1

153

0

5

9

2

17 1

T 75 12

2 T

110 172

6 13

1 19

117 204

Ho C POWER

0..00

0.01

0.02

3 0.9979

6 0.9544

9 0.7502

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

ELEMENT

5/2(B)

2

1-

0

ELEMENT 5/1

0 1 2

61 32 24

7 3 2

55 17

T

117

12

75

T 123 52 29 204

Ho C POWER

0.00

0.01

0.02

9

9

0.0185

0.0185

9 0.0185

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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(A)

ELEMENT

5/2(S)

0 r

-TABLE 9/22

2

1

0

T

ELEMENT 5/1

0 1 2 T

36 28 25 89

21 8 3 32

66 r6 1 83

123 .52 29 204

'Ho C POWER

0.00

0.01

0.02

10 0.0181

10 0.0181

0.0074

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power' is extremely low.

(B)

2

ELEMENT
1

4/1-H
0

T

ELEMENT 4/1-H (Retest)

0 1 2 T

7 18 137 162

7 5 13 25

16 1 17

30 23 151 204

Ho POWER .

0.00

0.01

0.02

8 0.9750

10 0.9111

13 0.6884

CONCLUSION This skill was not acquired by any significant

prOportion of students in the process of attempting more complex

capabilities.

(C)

ELEMENT

4/1-V

2

1

0

T,

ELEMENT 4/1-V (Retest)

0 1 2 T

8 13 147 168

6 .2 12" 20

15 0 1 _16

29 160 204

Ho C POWER,

0.00 6 0.9974.

0.01 9 0.9671

0.02 12 0.8334

,CONCLUSION Thig skill was not acquired by any significant

proportion of students in the process of attempting more complex

capabilities.
4-)g")
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(A)

TABLE 9/23 .

ELEMENT 5/2(A) (Retest)

0' 1 2

`. 2 5 80
.ELEMENT

5/2(A)
'8 7 7

0 72 20 2

T 83 32 89

1

T

(88
Ho

22
0:00

94 0.01

204 0.02

C Pow-ER

11 0.5124.

12

14

0.3948

0.2002

O

'CONCLUSION This skill was not acquired by any significant
.. -

proportiortof students in the, process of attempting more complex

capabilities.

(B)

ELEMENT

6/5 (B)

2

1

0'

T

ELEMENT 6/4 (3)

0 1 2 T'

5 9 185 199 Ho C POWER.

0 0 4 4 0.00 3 0:9998

0 0 1. 1 0.01 7 0.9815

5 9 no 204 0.02 10 0.9734

CONCLUSION The postulated connection is acceptedoPs valid at

the absolute Ho level, although the power is unrealistically high.

2

ELEMENT
1

6/4 (B)

0

ELEMENT 6/3(B)

-0 1 2 , T

26

3

9 1155 190

2 6 9

2 5

T 30

CONCLUSION

11 163 204

Ho 'C POWER

0.00 3 0.9999

7 0.9921

0.02 11 0.8833

The it.vpstulated connection is accepted as valid / at

the absolute Ho level.

48.
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(A)

}.

ELEMENT 6/2-S 4

, 2

ELEMENT

6/3O3)
1

0

T

0 1 2 T .

23. 32 827/

2

/ .

137.

2112
t

7

46 0 0 46

81 39 84 204

Ho

0.00

0.01

_c

.1

POWER

8 ' 0.6388

10 0.3800

0.02 11 0.26"5

CONCLUSION The postulated connection is accepted ap valid at

the absolute Ho level, although the power is particularly low..

(B)

2

ELEMENT

6/3(A)-S
. . .0

T

ELEMENT 6/2-s

0 1- 2, T

25 20- 84 129 Ho

21 19- 14 0 40 0.00 9

35 0 35 0.01 11

81 39 84 204 0.02 12

POWER

0.5690

0.322

0.2219

CONCLUSION The postulated connection is accepted as valid at

..the absolute Ho level, although the power i5 particularly 19w.

(C) ELEMENT (F--s

0 1 2 T

2 63 33 66 162 Ho C

ELEMENT
1 12 6 16 34 0.00

6/5(B)

0 0 2 8 0.01 7

T 81 39 84 204:, 0.02 9

POWER

6.8599

.0.6255

0.3526

CONCLUSION The postulated connection is accepted as valid at

the absolute Hoievel, although the power is relatively low.
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TABLE 9/25

ELEMEMT 6/2-C

0 1 2 T

2 28 19 103 150

ELEMENT
1 5 5 0 10

6/3(B)

0 43 0 1 44

T 76 24 104 204

Ho

0.00

0.01

C

0.02

.41

5

0 ,

ss

POWER

0.9646

0.7693

10 0.5351

-.CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

ELEMENT
1

6/3(A)-C

ELEMENT 6/2-C

0 1

17 14

15 10

-44 0

24

2 T

104 135

0 25

0 44

104 204

CONCLUSION Thl-pcstulated connection is

Ho

0.00

4

C POWER

7

0.01 9

0.02 11

0.8924

0.7170

0.4803

accepted as valid at

the absolute Ho level, 'although the power is relatively low.

2

ELEMENT

6/5(B)

ELEMENT 6/2-C

0 1 2 T

58 17 87

12 16

162

34

6 1

1

:1 8

04 204

Ho

0.00

0.01

0.02

C POWER

6 0.9263

8 0.7738

10 0.5413.

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.
t,
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(A)

ELEMENT

E/2 -S

TABLE 9/26

(ELEMENT 6 /1 -H /s

0 1 2 T

2 24 15 45 84

1

0

T

12 9 18 39

70 7 4 81

106 31 67 204

Ho C POWER

0.00' 0.2684

0. 01

0.02

12 0.1777

13 0.1107

CONCLUSION The postLated connection is aoceptedoas valid at

the absolute Ho level, although tbe power is extremely low.

(B)

2

'ELEMENT \

16/21-c
0

T

ELEMENT 6/1-H/C

0 1 2 T

21 16 67 104

8 5 11 24

71 4 1 76

100 25 79 204

Ho

0.00

0.01

0.02

9

10

POWER

0.7185

0.4561

0.3310

CONCLUSION The postulatr.a connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

(C) ELEMENT 6/1-11/8

0 1 2 . T

2 99 31 65 395 HO C
ELEMENT

1/1 (13)-H/S
1 5 0 1 6 0.00 2

0 2 0 3 0.01 5

T 106 31 67 204 0.02

POWER

0.9570

0.6241

0..4635

CONCLUSTON The postulated connection iF accepted as valid at

the absolute Ho level.
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TABLE 9i\27

(A) ELEMEMT 6/1-H/C

0 I 1, 2 T1

1

2 95 25 78 1981

ELEMENT
1 4 0 1

1/1(B)-H/C

0 1 0

T 100 25 79 204

Ho C POWER

\

0.00

0.01

0.02

1 0.9964

5 0.7820

7 0.5021

CONCLUSION The postulated connection is accepted as valid at

.360

the absolute Ho level, although the power i unrealistically high.

(B)

h ELEMENT

6/3 (C)

\

ELEMENT 6/2-S

0 1 2 T

2 23 19. 84 126

1 22 20 0 42

0 36 0 0 36

T 81 39 84 204

HO C POWER

0.00 9 0.4668

0.01

0.02\ 11

10 0.3463'

0.2423

CONCLUSION The postulated connection is accepted as valid at

the absol6te Ho level, although the power is particularly low.

(C)

ELEMENT

6/3 (C)

2

1

0

T

ELEMENT 6/2-C

0 1 2

16 13 104 133

15 11 '0 26

45 0 0 45

76 24 104 204

Ho

0.00 7

POWER

0.5969

0.01
III

9 0.7254

0.02 it l 0.4907

CONCLUSION The postulated connection is accepted ag valid at

the absolute'Ho level, although the power is relatiVely low.

or)
4

Ad



361

TABLES 9/28-9/32

Subdivisional Analysis Results for Queensland

(Programme I)

PRELIMINARY NOTES

1. The following results are presented in correlation matrix form,

listing the number of questions correct for each element and

the appropriate marginal. totals.

2. The classification code for each element is outlined in Tables

5/4-5/10, and a list of the relevant subdivisional question groups

is presented in Table 6/2.

3. P represents the combined probability that the observed number

of students in the 0/2 and 2/0 cells could have occurred through

chance (or errors of measurement) under the null hypothesis that

no-one can possess only one of the relevant subdivisional skills

without also having the other.



(A)

2

GROUP
1

1

0

T

GROUP 2

0 1

362

TABLE 9/28
4

T

0 2 198

0 0 2

200

2

2 0 0 2

2' 2 200 204.

ELEMENT 1/3

TEST H/V (Position)

p = Loom

CONCLUSION Question groups

1 and 2 may represent' the same

subdivisional

(C)

2

GROUP
1

1

0

GROUP 2

0 1 2 T

15 17 126

10 6

12 5

If

8

5

158

24

22

T 37 28 139 204.,,

ELEMENT 1 /1(B)

TEST H/V (Co-ordinates)

(B)

2

GROUP
1

1

0

T

GROUP 2

0 1 2 T t;

1801

0

4 175

4 0 4

16 3 1 20

17 11 176 204

ELEMENT 1/2

TEST H/V (Co-ordinates)

P = 0.0130

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisional skill.

(D)

2

GROUP
1

1

0

GROUP 3

0 1 2 T

5 2 151 158

11 3

17

10 24

4 22

33 6 . 165

ELEMENT 1/1(B)

TEST Straight Line/Curve

204

P o.p000 '' P = 0.0000,=

CCONCLUSION Question groups CONCLUSION Question groups

1 and 2 represent different 1 and 3 represent different

subdivisional skills. subdivisional skills.

V0(I



.

,

. TABLE 9/29

GROUP 4

(A) 0 1 2 T'

2 3 4 132 139

GROUP
1 4 10 14 28

2

0 19 6 12 37

T 26 20 158 204

ELEMENT 1/1 (B)

TEST Straight Line/Curve

'p = 0.0000

CONCLUSION Question groups

2 and 4 represent different

subdivisional skills.

GROUP 3

(C)

2

GROUP
1

1

0

T

ELEMENT

0 1 2 T

4 4 115 123

4 7 20 31

35

41

6 9 50

43

.1/1 (A)

17 144 204

TEST Straight Line/Curve

p = 0.0000

CONCLUSION Question groups
. .

1 and 3 represent different

.

(B)

2

GROUP
1

1

0

T

GROUP 2

0 1 2 T

8 4 111 123

7 5 19 31

22 13 15 50

37 22 145 204

ELEMENT 1/1 (A)

TEST H/V (Co-ordinates)

P = o.0000

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(D)

GROUP
2

1

2

0

T

363

...

GROUP 4

0 1 2 T

11 3 131 145

14 1 7 22

24 6 7 37 °

49 10 145 204

ELEMENT 1/1(A)

TEST straight Line/Curve

P ' 0.0000

CONCLUSION Question group:,

2 and 4 represent different

subdiyisional skills. subdivisional skills.

cs"-)ri
iii4



A

TABLE 9/30

(A)-

2

GROUP
1

GROUP 2/1(B)-2 GROUP 2

0 1 2 T 0 1 2 T

16 24 100 140 2 15 17 102 134

li 3 8

GROUP
22 1

5 11 9 25
,2/1(A)-1 1

0 30 3 9 42 0 37 2 6 45

T 204 T 57 30 117 20457 30 117

ELEMENT 2/1(A)-2/1(B) ELEMENT 2/1 (B)

TEST Interpolation/Extrapolation TEST Line/Points

P = 0.0000 P = 0.0000

CONCLUSION Question groupsCONCLUSION Elements 2/1 (A)

and 2 /1(B) represent different 1 and 2 represent different

.basic skills. subdivision, skills.

GROUP 2

(C) (D)

2

0 1 2 T

2 1. 116 137 2
GROUP GROUP

1 6 11 36 1
1 1

t 15 14 2 00

T 23 44 137 204 T

ELEMENT 3/2 (A) ELEMENT

TEST Max:/ Min. Values

P = 0.3906

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.

376t#

GROUP 2

0 1 2 .T

1 1 199 201

0 1 0

2 0 0 2

3

1/3

2

(Retest)

199 204

TEST ii/v (Position)

P = 0.0118

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisional skill.
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T

,ELEMENT

TEST H/V (CO-ordinates)

T

TABhE 9/31

(B)
GROUP 2

0 1 2 T

0 11 1162 173 2 4 55 132 191

GROUP
0 2 8 10 1 1 2 2 5

1

20 0 1 1 21 0 6 1 1 8

20 13 1171 204 T 11 58 13.5 204

1/2 (Retest) ELEMENT 4/2

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.

T

TEST H/V (Displacement)

p = 0.2241

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.

(D)

2 1 7 154 162 2

GROUP GROUP
1 2 9 14 25 1

1 1

0 13 4 0 17 0

r 16 20 168 204. T

ELEMENT 4/1 ELEMENT

TEST H/V (Displacement)

P- =t, 0.3630

CONCLUSION 9uestion groups

1 and 2 represent the same.

subdlvisival skill.,

GROUP 3

0 1 2 T

0 4 191, 195

0 1 5 6

1 0 2 3

1 5 198 204

1/1 (13),(Retest)

TEST Straight Line/Curve

P = 0.1199

CONCLUSION Quest Lon group:.

1 and 3 may represent the same

subdivisional skill.

37,7
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(A)

2

GROUP
1

1

0

T

GROUP

0 1 2 T

TABLE 9/32

7 33 159 199

0 1 3 4

1 0 0

8 34 162 204

ELEMENT 6/5 (B)

TEST

P = 0.0131

Numerical Range

CONCLUSION

I

Question groups

1 and 2 probably represent

tfia same subdivisional skill.

(C)

2

CROUP
1

1

0

GROUP 2

0 1 2

1 11

6 9

72

24

69 4 8

T

84

39

81

T 76 24 104 204

ELEMENT 6/2

TEST Straight Lind/Curve

P = 0.0026

CONCLUSION cduestion groups

1 and 2 represent different

subdivisional skills.

(B)

2

GROUP
1

0

366

GROUP 2

0 1 2

3 13 -113 129

13 8 19 40

28 4 3 35

T. 44 25 1135 204

ELEMENT 6/3 (A)

TEST Straight Line/Curve

P = 0.0423.

CONCLUS I ON Qu'estion groups

1 and 2 probably represent the

same subdivisional" skill.

(D)

2

GROUP
1

1

GROUP

0 1 2 T

67

31

106

0 10

4 10

96 5

57

17

5'

T :100 25 79 204

E LEMENT 6/1

TEST Straight Line/Curve

P = Q.0329

CONCLUSION Question groups

I and 2 probably represent, the

same subdivisional skill.
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TABLES 9/33-9/54

Validation Results for South Australia

(Programme I)

RY NOTES

ollowing rezults are presented in correlation matrix 'form,

ng the number of questions correct fOr each element, and the

priate margindl totals.

ritical umber of exceptions (C) permitted in the 0/2 cell

e relevant correlation table is liste, together with the

priate statistical power, for each of the null hypothesis

defined/in Chapter VI (see preliminary notes for Tables

/25) .

lassficIeion'code fOr each element is outlined in Tables

10, and the relevant subdivisional conditions in Tables

/25 (k)reliminary notes).



(A)

TABLE 9/33

ELEMENT 1/2-H

0 1 2 T

2 7 173 209

ELEMENT
*i 0 0 0 0

.1/3-H

0 2 0 1 3

TI 31 7 174'_`212

Ho

0.00

0.01

0.02

C POWER

1 1.0000

7

11

0.9964

0.9310

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(B)

ELEMENT

1/3-V

2

1

0

ELEMENT 1/2-V

0 i 2 T

25 °10 174 209

0 0 0 0

3 0 0 3

T .28 10 174 212

Ho

0.00

0.01

0.02

I

C POWER

2 1.0000

7 0.9958

11 0.9234

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

2

ELEMENT
1/2-V 1

0

ELEMENT. 1/1(3)-vJs

0 1 2 T

34 116 124 174

7 I 1 2 10

12 2 14 28

T 53 19 140 212

Ho

0.00

4,

Se

C POWER

5 0.9963

0.01, 0.9509

0.02 11 0.7697

CONCLUSION The postulated connection is rejected as invalid at

all three specified Ho levels.

380
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(A)

ElrEMENT

1/1(B)-V/S

TABLE 9/34

2

0

T

ELEMEMT 1/1 (A)-H/S

0 1 2 T

5 6 129 140

0 19

49 4 53

60 23 129 212,

CONCLUSION The postulated

the abso ),ute Ho leVel.

1

1,(13)

ELEMENT

1/2-V

2

1

'0

T

Ho C POWER

0.00

0.01

0.02

8 0.9488

0:8444'

12 0.6655

connection is accepted as valid at

ELEMENT 1/1 (A) -His

0 1 -2 T

40 18 116 174

5 3 2 10
111,

15 2 11 28

60 23 129 212

O

Ho' C

0.00

0.01

°O.02

0

POWER

0,9919

8 0.9144

10 0.7704

CONCLUSION The postulated connection is rejected.as invalid at

/I11 three specified Ho levels.

(C). ELEMENT 1/1(A)-H/S

0 1 2 T

2 41 19 114 174 Ho- C
ELEMENT

11/2-H 4 0 3 7 0.00 5

0 15 , 4 -12 31 0.01 8'

60 23 129 212 0.02 10

POWER

0.9921

0.9158

0.7732

CONCLUSION Th postulated connection is rejected as invalid at

all three specif ied Ho levels.

381 _
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(A)

ELEMENT

1/2-H

ELEMENT

U 1!

TABLE 9/35

1 /1(B) .-Ws

2 T

.
2

1

0

T

21 17 136 174

3 2 7

9 4 18 31

33 23 156 212

CONCLUSIOR' The rostulated connectiOn is

all three spebified Ho levels.

(B)

2

ELEMENT'

1/1(B)-H/S
1 0

C

.ELEMENT 1/1(A)-v/s

0 1 2 T

, 6' 3 147 156

10 11.

31 2

47 18

23

0 33

147 212

°Ho C POWER

0.00 8 0.9846

0.01 11 0.8968

0.02 13 0.7597

rejected as

Ho

invalid at

POWER

____0_-00 1 0.996

0.01 10

0.02 12

0.9164

0.7895

. .

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C)

ELEMENT
1/2-H 1

ELEMENT 1/1(AY-v/s

/0 '1 2 T

29

4

15. IJ-0

14 2 115

174

7

31

T 47 18 1147 212

Ho C POWER

0.00 5 0.9(118

0.01 8 0.9674

0.02 11 0.8251.

CONCLUSION The 1:odtukated connection'idrejected

all three specified Ho levels.
p

`t.

as invalid at
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(A),

2

ELEMENT
- 1

1/2-V

(
T

"TABLE 9/36

ELEMEIAIT 1/1(A)-V/S-

0 : 1 2 T

30 13 131 174

6 1 3 10,

11 4 13 28

47 18 147' 212

CONCLUSION The pp'stulaed

Ho

0.00 5

0.4)1 8

O. J2 11

C POWER

0.9.978

0.9669

0.8233

connection is rejected as invalid at

all three specified Ho levels.

(B)

17iEMENT

.1

sT

CON CLUS ION

all three

1

0

(9)

.

ELEMENT 1/103?-wc

o 1 2 T

-24 10 .t40 174

4 3. 10

12 1 15 28,

39 15 158 212

.00

.0.00

0.01

POWER

0.,9991

0.9639

0.02 11 0.8866

The postulated connection is rejected'as invalid at

specified Ho levels.

ELEMENT

dr(B)-v/c1

T

COI\ICLUS I ON

thi! absolute

; /

ELEMENT 1/1 (A) -11/c

0 1 2 r \

12 4 142
1

158

7 6 2 15.

36 3 0 39

55 13 144 212

The postulated conneqtioqikis,

Ho level.

1

I-

Ho POWERS

I'
0.00

0.01

C

11

accepted as

0.02

o.9p76

8 0.,9647

l.8154

alit at

7
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TABLE"9/37

O

ELEMENT 1/1(A)-H/C.'

O: 1 2 .T

1/.2y

Ho :C POWER

0 . 00

.0 0.01

T

.

CONCLUSION The 4,ostulated connection ks accepted as yalid at

the third (0.02) Ho level, although the, power -at this level iq
, -

'relatively low.
-

'4 0:9011

7 0.9804

10 6.8684-

I'

(5)

2

ELEMENT
1

1/2-:(

0

ELEMENT 1/1(M-H/C

0, 1 t 2 T

,34 :12

2 0

19 1 1.1j

174

7

31

1

T 55 13 144' 212

Ho

/0.00

0.01

0.02

C POWER

4 0.991

7 0.9802

10 0.8675

CONCLUSION The postulated connectinn is rejeC,ted;as invalid at

all _three specified Ho levels,_

#

ELEMENT :

1/2-H.

6

I-T

;C9NOLUS I ON

a 11 tt

ELEMENT 1/1(B)-11/c

0 1 2 T

23 3 148 174

4 0 3 7

:19 31

36 4 1/0- 212 /

The postulated connec tion
/ '

ee specified Ho levels.

,t1
4

HO C, POWER

0 .0 0

0.01

0.02

2

7'

11

1.0000

0.')9(,f

is ricLed as invalid

c.
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(A)

2

ELEMENT
1

1/1(B)-H/C

o

T

CONCLUSION

the absolute Ho-level.

ELEMENT

0 1

TABLE 9/38

1 /1W-V/C

2 T

16 0 154 170

1 3 0 4

32- 5 1 38

49 8 155 212

Ho C POWER

0.00

0.01

0.02

3 0.9999

7 0.9897

10 0, 9167

The postulated connection is accepted as valid

(B)

2

ELEMENT

1/2-H

T

ELEMENT 1/1(A)-v/C

0 1 2 T

32 .4 138 174

1. 2 7

13 3 15 31

49 8 155 212

Ho

0.00

0.01

0.02

POWER,

0.9999

7 0.9897

10 0.9165_

Cbilti_USION The postulated connection is rejected as invalid at

all three specified Ho levels.

(C) ELEMENT 1/1(A)-V/C

0 1 2 T

2 31 3 , 140 174

ELEMENT
1

1/2-V
5 3 2 10

0 13 13 28

T 49 8 155 212

HO C POWER

0.00 3 0.9999

0.01 7 0.9899

0.02 10 0.9179

CONCLUSION The postulated connection is reji!cted as invalid at

all three specified Ho levels.

eiOU
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TABLE 9/39 374

(A)

2

ELEMENT 2/1(A)-H/P

0 r 2 T

C POWER .r.20 15 94 129 . HO

LEMENT
1 9 11 23 0.00 9 0.9150

1/1:(A)-H/S
.

0 32 9 19( 60 0..01 12 0.6857

61 27 124 212 0.02 14 0.4711

CONCLUSION The postulated connection is rejected aS invalid at

all three specified Ho levels. "

(B)

2

ELEMENT
1

1 /1(B) -V /S

0.

T

ELEMENT 2/1(A)-H/P

0 1 2 T

25 16 99 140 Ho C

5 4 10 19 6 0.00 8

31 7 15 53 0.01 11

61 27 124 212 0.02 13

POWER

0.9401

0.7372

0.5248

CONCLUSION The postulated .zonnection is rejected as invalid-at

all three specified Ho levels.

(C) ELEMENT 2/1(B)--if/s

0 1 2 T

2 15 12 102 129 Ho C

ELEMENT

1/1(A)-H/S
1 8 4 11 23 0.00 9

0 34' 8 18 60 0.01 11

T 57 24 1 31 212 0.02 14'

POWER

0.9378

0.8266

0,5408

CONCLUSION The postulated connection is rejected as invalid at

all three specified Ho levels.
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(A)

2

ELEMENT,

1/1(B)-V/S

0

.

ELEMENT

0 ,1

TABLE 9/40

2/1 (BY -H /S

2

19

4

34

T 57

14\ 107 140 Ho C

2 13 19 0.00 8

8 11. 53. 0.01 10.

24 131
0.02

212
. 13

POWER

09574

b.8650

0.5944

CONCLUSION The postulated connection is accepted as valid at

the third (0.02) Ho level, although the power at this level is

particularly low,

(B)

2

ELEMENT
1

1./1(A)-ws
0

T

ELEMENT 2/1 (B) -H/P:

0 2 T

24 23 82 129_ Ho C POWER

6 4 13 23 0..00 12 0.5875

35 13 12 60, 0.01 13 0.4748

65 40 1 107 212 0.02 15. 0.2700

CONCLUSION The postulated connection is accepted as valid at

the,absolute Ho level, although the power is particularly roW..

(C)

ELEMENT

1/1(8)-v/s

0

ELEMENT 2/1(8)-8/p

0 1 2 T

2 29 25 86 140 Ho C POWER

1 4 19 0.00 10 0.7392

0 32' 11 10 53 0.01 12 0.5183

65 40 107 212 0.02 14 0.3015

CONCLUSION

the absolute

The postulated connection, is accepted as valid at

Ho level, although the power is relatively low: \
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(A)

ELEMENT

1/2-V

2

0

T

TABLE 9/41

ELEMENT 3/2 (A) -Max .

0 1 2 T

29 33 98 160

4 2 14

12 11 15 _38_
45 46 121 212

CONCLUSION The postulated connection

the:third (0.02) Bo level, although.,the

extremely low.

(B) ELEMENT 3/2 (A) -Max .

0. 1 2

28 28 113 169

:ELEMENT
1 9 7 4 26

1/1(A)-V/C

0 8 4 23

45 46 121 212

Ho POWER

0.00 11 0.6658

-0.01 .13 0.4487

0.02 15 0.2537

is accepted as valid at

power at this level is

HO

0.00

0.01

0.02

-;

C , POWER

10 0.7177

11 0.6079

13 0.3792

CONCLUSION The postulated connection is, accepted as valid at

the absolute Ho level, although the power is relatively low.

(C) ELEMENT 3/2:(A)-Min.

0 1 2

2 23 34 103 160.
ELEMENT

1 6 1 7 14
1/2-V

0 13 10 15 38

T 42' 45 125 212

CONCLUSION The

the second (0.01)

particularly low.

\

-Ho POWER

0.00

0.01

0.02

13 0:6138

15 0:4002

16_ 0.3030

postulated connection is accepted as

Ho level, althougl/the,power at this level is

388

valid at
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,r

(A)

2

ELEMENT

1/1(A)-V/C

0,

CONCLUSION

TABLE 9/42 -6-

'ELEMEMT 3/2(A)-Min.

0 1 2 T

28 30 111 169

7 20

8 8" 23°

42 45 125 212

The-postulated connection is

Ho,

0.00

0.)^111

0.02

C POWER

10 0.7563

12. 0.5401

14 0.3213

1

accepted as valid at

the- absolute Ho level, although the pOwer is relatively low.

(B)
ELEMENT 3/i

1 2 T

52 55 89 196

ELEMENT
1 0 8

3/2(B)

0 5 3 8

T 62 61, 89 212

Ho C POWER

0.0.0 0:7622

0.-0-1 7 0.4750

0.02 8, 0.3352

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

2

ELEMENT

3/2(A),Max.
1

0

T

ELEMENT 3/1.

0 1 2 T

25 34 62 121

16 15- 15 .46

21 12 12

O

45

62 61 891 212

HO C POWER

0.00

0.01

O. 02

16 0.3.577

17 0.1027

18 0.0637

CONCLUSION The postulated connection is accepted

the absolute Ho level, although the power is extremely low.

as valid at

78"

; 89



(A)

2

ELEMENT i

3/2(A)-Min.
0

r

ELEMENT

0 1

TABLE 9/43

emu

3/1

2 T

32 31 62 125

11' 18 16 45

19 12 lf 42

62, 61 89 212.

Ho.

378

e "
IL.

C POWER

0.00 15 0.1912

0.01

0.02

16 0.1266

.17 0:0798

CONCLUSION. The .postulated connection is accepted as .valid at
-

the-absolute Ho level, although the pOwer is extremely low.

(B)

2

ELEMENT
1

1/2-V

ELEMENT 1 /2 -v (Retest)

0 1 T

21 9. '144 174

3 10

0 .14 2 12 28

1' 38 14 160 .212

Ho. POWER

0.00 5 0.9992

0.01 8 0.9843

0.02 11 -0.8954'

CONCLUSION This skill wassacgukred by a significant proportion
.,

of students in the process of attempting more complex capabilities.

(C) ELEMENT 1/4(A)-v '(Retest)

0' 1 2 T

2

ELEMENT

1/1(A)-V

0

5 5 145 155

4 2 8

14 13 22 49

T 23 20 169 212

Ho C POWER

0.00

0.01

0.02

13 .00300

15 0.8308

17 0.6767

CONCLUSION This skill was acquired 'by a significant proportion

of students in the process of attempting more complex capabilities.

A



.1

'(A)
..-

h131,k9/44

ELEMENT

:0 1 2 T

2

.ELEMENT
1

4/3

tt.

T

22-- -3- -180 205

0

OM'

3.'

0 1 2 3

23 4 l85-' 212

C POWER

1

8 0.9958

o 6 11. 0.9609

. .

coNcLus ION The postulated connection'. is aq6epteci as valid at

the second (0.01) Ho level.

(B) ELEMENT 4/2-V

M 1 2: T

2 21 56 128 205

ELEMENT

4/3

0

p

1 4

0 1 2 3

T 22 59 131 212-

Ho

0.00

C POWER

S 0.7205

0.01 7 0:4215

0.02 8 0.2865

CONCLUSION The postulated connection, is accepted as valid at

the absolute Ho level, although'the power, is unrealistically high.

(C)

ELEMENT 2

1/3-H
1

0

ELEMENT 4/2-H

0

22

1 2

4

0 0

185 211 't

0.

1 0 0 1

T 23 4 185 212

Ho C POWER

0.00

0.0 1

0.02

1 1.0000

0.9984

11 0.9603,

CONCLUSION The postulated connection IS accepted' as valid at

. \
the absolute Ho level, although the power is unrealistically high.
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(A)

TABLE 9/45

ELEMEPrU 4/2v
0 1 21 T

2 21 '.57 130 I p08

EcLEMENT

r/3=v

0

.0 2

1

T.. 22 59 131.1 212

CONCLUSI ON

J-

Ho, C POWER

4

0.01

0.02. 8.

0.8126'

0.524

-0:2429'

The postulated connection is accepted as valid at
,,4'

the:,absolute Ho leyei, although the.power untealistically'high.

(B).

-'ELEMENT

, 4/2-H

2

1

T

ELEMENT. 4/1H.

0 :1 ZS T

.

.24. 15 -146 185 Ho. POWER

2 2 4 07.00 .4 1.0.9994

9 3.\ 23 0.01 810.9700
-41

'45... 16 151 212 9:02 11 -0.8351
11=11.

CONCLUSION_ The po4ulated.connection is accepted as valid at

the absolute Ho level.

2

ELEMENT

).
1

4/2-V
0

ELEMENT 4 /1v,

0 . 1 2 T

17' 7 107 331

8 4 47 59

5 4 3 22

T .40 as' 157 .212

O

Ho POWER

0000

0.0.1

0.02

15 0:8725

17 0.7398

'19- 0.5650

CONCLUSION The, postulated connection istacCepted as valid.at

.the Absolute ho level, although the power is relatively low.

ey

392

k

O



. .

, .
.

.

ELEMEMT-

1 T

_ 2.

ELEMENT -

1/2H .

0

. -

_ 0: :

TABLt. 9/46

12.. 135 167

2. el 10 13

23, . 3 6 32

45 16 151 212."

. A

.-

HO

CONCLUS I ON POstulated ,connection is

the second (0.01) Ho
".

(B)

ELEMENT_

0. do

Y:- :381

4 #

C ToWER.

'0.01

6:62

0.9986

0.8519

11
-4_

accepted

0.8577

as valid.at

.

I.

...ELEMENT

2

O.

T

4111-1/

0 if 2 T

Ho. C POWER15 .11 146 172

3

.
0 5 8 6.00 5 0.9990

22 4 6 32

-1/
I

0.03 :9. 9.9631

40 3.5 157 212' 0,02 ).? 0.8198
.

CONCLUS ION The postulated connection is accepted as valid at 04

the second (0.0).) Ho level.
\

(C) ELEMENT 5/3(A)

2
ELEMENT

1

5/,4 (A)

1 2 T.

29 7 150 I 186-

2 1 11

14 1 0 15

T 4S 9 158 212

Ho C POWER

0 . 00

0.01

0.62

.

3 0.9999

7 0.9912

11 0.8758

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

I-

t



e.t

, (

ELEMEI'IT 5/2 (A)

. -- 0 1 , . 2 T
s,

2 .87 - 10
\
61 348

,.

ELEMENT r--
. 0 . 00

5/3 fk) '

- 0 43. 2,, /%0 45 ' ' '0,01

T '138 .413 61` 212 0:02

-

"ABLE 9/47

s't .e;Y

'Ho .

8 .1,

40% k

$1 !
J, k

1-

CONCLUSION j.The postulated connection saccepied.as valid at

c

2

5

Il

-0.:687/

9.4246

WI

the absolute o level.
\:o' I

(B)
(A)

no .. Ho,

29 0.60ELEM

4/114H

Am-

POWER

0-450

:0 47 4 2 (53 . . 0. 01

'T 138 13 51 '212 p.02

6. ,9.5085

V.2318

CONCLUSION The postulated connection. is accepted* as v,alid at

the absolute HO level, although. the power is particularly low.-
,

(C)

ELEMENT.-
'

4/1-V
0

ELEMENT .5/2 (A).

\80

'T.,

8 51: 139

14 1 .8 23

44 a 2 50

,T- 13y -13 61 212

er

.

CONCLUSION 'The postulated connection 'is .accepted as valid at
"

the,,absolute Ho level, althoughthe power is relatively low.



I

(A)

ELEMENT

5/3(t)

'

TABLE 9/48

383

ECEMEtIT .5/2(B)

0 1 2, T

2 18 8. 109 135

1 10 11' ..27

0
..*4

5 2 3 50

73 21 118 212

CONCLUSfON The postulated connection is accepted as valieal
,

the absoluce ho level.'

/
1.

'CONCLUSION The postulated connection is accepted'as valid at

the 'absolute fie -level, although the power is extremely low.

ELEMENT 5/2 (B)

0 1 2 T

42

ELEMENT
1110..13

2/1(B)-H/C
0 18

11.73

14 113 169

4 21

3 1 22

1118 212
O

CONCLUS(*., The Postii4ated connection is

the absolutelio level.

. (C) ELEMENT 5/1.

1 2 T.0
0

2

ELEMENT
.5/2 (B), L

A 0

76 I -25

15 3.

17

3

118

21

70 3 0
,

73'

T 161 31 20 212

Ho C POWER

'0:00

0.01

0.02

5 019840

8

1'10._

0.8631

0.6764

accepted as valicfat

,

Ho POWER

0.00

, 0.01

5, 0.0417

0.0417

0.02 0.0139

O



(A).

2

ELEMENT
1

5/2(A)

0

TABLE 9/49

ELEMEMT 5/1

0 '1 '2 T

-32 14?

26

.63

'29

103 14 3 120

T '161 31 20 212

so`

4
Ho C , POWER

0.00

0.01

0.02/

0.0201

7 0.0201

8 0.0070

'CONCLUSION' The postulated connection is accepted as valid et-

the absolute Ho level, although the power is extremely low;

-:(B)

ELEMENT

4/1-H

ELEMENT 4/1-H (Retest)

0 1 2'

0.00,

0 45 0.01

1' 53 29 130 212 0.02

C POWER.

11

09147

0.7793

1.3 0.5794

CONCLUSION This ,skill was not acquired by any significant
. .

proportion of students in the process of attempting more complex

capabilities.

(C), ELEMENT .4 /1 -V (Retest)

1 2 T

2 7 18 132 157'

ELEMENT

411.--Ir 1 15

0 35 4 40

T, 50 23 139' 212

Ho 1 C POWER'

0.00

0.01

0.02

0.9829

10 0.8806

12 0.7246

*CONCLUSION This skill was not acquired by any significant

--proportion of students in the process of attempting more campiex

capabilities.
39-6
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(A)

ELEMENT

5/2(A)

0

TABLE 9/50,

ELEMENT 5/2 (A) (Retest)

0 1 2 T

2 4 55 61'

2 6 13

113 23 2' 138

1215 29 63' 212

CONCLUSION

propoition of

capabilities.

(B)

2

ELEMENT,
1

.6/5 (B)

0

, Ho C -POWER

0.00

. 0: 03.

0.02

8 0.4306

9

11

A

0.3016

0.1197

ThiS skill was not Ac ired by any significant

students in:the proceSsf attempting more complex

ELEMENT 6/4 (B)

0 . 1. 2

9 113 187'
.

20-9

0 1 0 2

1 1 0

2

1

T 9 14 1189 212

Ho

0.00,

0.01

0.02

C POWER

3

I 10

0.9999

0.9852

0.8921

.385

CONCLUSION The postulated connection is accepted as valid at

the Absolute Ho level, although the power is unrealistically high.

.(C)

ELEMENT

6/4(B)

2

1

6

T

ELEMENT 6/3

0 1 2 T

POWER38 I 11 140 1.89 Ho C

1 6 14 0 . 0 0 0.9998

6 1 2 0.0)-

1_3:1

0.9830

51. 11, 148 212 0.02 10 0.8809

CONCLUSION. The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.
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ELEMENT

623(B)

2

0

T

TABLE 9/51

,ELEMEMT 6/2-S

0 1 2 T
33 28, 62 123_

15, 9 1 25r
63, 0 1 64

111 37 64. 212

Ho

0.00

POWER

0.5108

0.01 9 0.2477

0.02 10 01544

6

CONCLUSION The poStulated connection is accepted as-valid at

the absolute Ho level, although the power is particularly low.

(B)

ELEMENT

6/3 (A)

2

1

0

T

ELEMENT 6/2-S

0 1 2 *T

38 16 64 118

19 21 0 40

:54 0 0 54

111 37 64 212

Ho

0.00

0.01

0.02, 11 0.1224

POWER

38,J.&

9 0.3061

10

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C) ELEMENT 6/2-S

0 1 2 T

2 96 32 61 189
ELEMENT

6/5(B)
1 12 5 3 '20

0 3 0 0 3.

T 111 37 64;212

CONCLUSION The pOt6.ated connection is

the absolute Ho lei;e1, although the power is unrealistically high.

Ho C POWER

0.00 3 0.8667

0.01 5 0.5830

0.02. 0.4204

accepted as valid at

7 _398



(A)

ELEMENT

6/3 (B)

2

1

0

T

ELEMEMT

0 1

TABLK 9/52

6/2-C

2. T

47 19 79 145

6 1 0 7

60 60

113 20 79 212
tl

Ijo

0.00

0.01

0.02

L POWER

4 0.9152

6 0.7149

8 0.4352

CONCLUSION. The postulated connection is accepted as valid at

the absolute'Ho level.

(B) ELEMENT 6/2 -C

0 1 2 T

'2 30 7 79 116 Ho PC POWER

ELEMENT
18 13 0, 31 0.00 7 0.6999

6/3 (A)

0 65 0 65 0.01 8 0.5685

T 113 20 79 1212 n.o2 10 0.3108

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho

(14

level, although the poker is relatively low.

(C) ELEMENT 6/2-c

0 1 2 T

2 97 18 74 189 Ho C POWER
ELEMENT

6/5(B)
1 13 2 5 20 0.00 3 6.'9591

0 3 0 0 3 0.01 5 0.8100

T 113 20 79 0.02
212 7 0.5435

CONCLUSION.: The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically-high.

999
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(A)

O

ELEMENT

6%2=S

TABLE 9/53

ELEMEP'T 6/1-ivs

0 1 2 T

2 17 13 34 64 Ho

20 11 6 37 0.00

0' 104 2 111 0.01

T 141 29 42 212 0.02

4

C POWER

'10 0.0814

11

11

0.0420

0.0420'

.CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(B)
ELEMENT 6/17H/c

0 1. 2- T

29- 16 .34-* 79 . Ho

ELEMENT
1 9 2 9 20 0.06

6/2-C
0 105 6 113 0.01

:1- 143 24 45 212 0.02

POWER

0.3204

0.1939

0.1069

CONCLUSION The postulated connection is accepted as Valid at

the absolute Ho level, although the. pOwer is extremely low.

(C) ELEMENT 6/1-}vs

0 1 2 T

2 125 29 42 196 HO C

ELEMENT
1 0 0 6 0.00

1/1 (B) -H/S

0 10 0 10 0.01 4

T 141 29 42 212 0.02

POWER

0.7805

0.3930

0.2310

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho-level, although the power is relatively low.

-I300

388



1

'(A).

TABLE 9/54

ELEMEMT 6/1-H/C

1 2 T

2 132 24 44 200 .

ELEMENT
1 1 , 4

1/1(B)-H/C

0 .8 0 -8

T 143 24 45 212

Ho C POWER

0.00

0.011

0.02

0.8208

4 0'..4544

389

5 p.2832

CONCLUSION The postulated connection is accept as valid at

the absblute Ho level;,although the power is relatively low.

(B)
4.

2

ELEMENT
1

6/3 (C)

0

ELEMENT 02-s

0 1 Z T

34 15 64 113

22. 0 44

-55 0 O. .55

T 111 37 64 212

Ho

0.00

0.01

C. ,

POWER-

9. 0.'3478

10 0.2350

0..02 3.1 0.1483

_ tONOLUS.ION The postulated connection is accepted as valid at

the absolute Ho level, althotigh the power is particularly low.

.(C)

ELEMENT

6/3(C)

. ELEMENT 6/2-c

0 1 2 T

2

1

0

25 5 79 109

20 15 0 35

68 0 0 68

T 113 20 79 212 .

a.

Ho C POWER

0.00 8 0.6182

0.01 0.4858

0.02 11: 0.2493

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.
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TABLES 9/559/59' 1

Subdivisional Analysis Results for South Australia

(Progiamme I)

PRELIMINARY NOTES

1. The following results are presented in correlation matrix form,

listing the number of questions correct -for each element, and

the appropriate.garginal totals.

390

The classification code for each element is outlined in Tables

5/4-5/10, and a list of the relevant 'subdivisidnal question groups

is presented in Table 6/2.

3. P represents the combined probability' that the observed number

of students in the 0/2 and 2/0 cells Could have occurred through

chance (orerrors of measurement) under the null hypothesis

that no-one can posSess only one of the relevant subdivisional

skills without also having the other.

40,2



. . .

(A
- 2

GROUP

1

0

GROUP

0

TABLE 9/55

T

208. 209
..1.1111.

2

.0 0

T. 3

0

0 209 212

ELEMENT 1/3

'TEST H/V (Position)

p = 0.0000

CONCLUSION Question groups

1 and-2 represent different

subdivisional skills.

(C)

2

GROUP
1

1

0

GROUP

0 1 2 T

17 13 126 156

.10 4 9 23

2 5 33

T 53 19 140 212

'ELEMENT 1/1(B)

TEST H/V (Co= ordinates)

p = 0.0000.

CON OL'US ION Question groups

1 and 2 represent different

subdivisional skillsr

(B)

GROUP 2

0 1 2

391

ELEMENT 1/2

TEST H/V (Co-ordinates)

p = 0.0008

CON C LUS I ON 'Question groups

1 and 2 represent different

subdivisionarskills.:

(D)

. .

GROUP 3

0 I 2

2

GROUP
1

1

0

0 155 156

11 3 23

26 1 33

T 38

ELEMENT 1/1(B)

4 170 kl2

TEST stedight Line/Curve

P = o.p000

"CONCLUSIO Question groups

1 and 3 represent dffferent

subdivisional skills.
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.(A .

GROUP

0 1

TABLE 9/56

T

2 2 135 140

GROUP
6 11 19

0 34 7 12 53

T . 39 15 '158 212

ELEMENT 1/1(B)

.TEST Straight ine/Curve

VS1

P = 0.0000

CONCLUSION Question groups

2-and. 4 represent different

subdivisional skills.

(C)

2

GROUP

1

0

T

GROUP

0 .1/ 2

6 119.

6 13

43 12

55 13 '144

.ELEME-NT--.--171 (A)

(B)

2

GROUP

1

0

T

392

-a
GROUP 2

0. 1 2 T

.8 115 129

9 '13 23

32 9 19 60

47 -18 147 212

ELEMENT 1/160

TEST H/V (Co-ordinates)

P = 0.0000

CONCLUSION Question .groups

1 and 2 represent different

subdivisional skill.

T,

(D)
GROUP 4

, 0 . 1 2 T

129. 2 8 0 `13 9 -247 ..-

GROUP
23 1

2 13 2 8 18

60 0 33 6 47 '

212 T 49 8 155 212

ELEMENT /1 (A)

-TEST Straight Linc/CurVe

P = 0:0000

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

TEST Straight Line/Curve

P' o..0000

CONCLUSION Question groups

2 and 4 represent different

404
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(A)

2

-GROUP
1

0

TABLE 9/57

GROUP 2/1(8)-2

0 1 2 T

14 20 90- 124

11

40

10'

10,

.(B)

2

GROUP--
27 1

1 .

011. 61

T 65 . 40 1 107 212

ELEMENT 2/109-2/1(8).

GROUP

0 2

15 21 95

10

40 6

T

131

24

-57'

T 65 40 107' 212

ELEMENT 2/1 (p)

TEST Interpolation/ExtrApion TEST Line/Points

P = 0.0000p = o. moo

CONCLUSION Elements 2/1(a). CONCLUSION Question groups

and 2/1(B) xepresent different 1 and 2 represent different

basic skills.

GROUP '2

(t)
%op

2

GROUP
1

1

0

T

ELEMENT

subdivisional skills.

o

(D).
0 1 T

7 16 98 121 2

18 .- 19' 46

,GROUP

1

26 11 8 45 0

42

3/2

45

(A)

125 212

ELEMENT

TEST Max. /Min. Values

= o.0000

GROUP-

a 1 2 T

2 1 208

0 0

1 0'

211

0

1

2 ,2 208 212

1/3 (Retest)

TEST H/V (Position) .

P = 0.0001

CONCLUSION Question groups CONCLUSION Question groups

1 and 2 represent different 1 .and 2 represent different

subdivisional.skills,

h
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(A)

2

GROUP.

1

0

T

ELEMENT

TABLE 9/58

GROUP - 2

0 3. 2- T

0 161 167
"'"r".
13

IR/

1 10

31 32

32

1/2 (Retest)

172 212

TEST H/V (Co-ordinates)

P Y= 0.1817

CONCLUS ION Question groups

. 1 and -2 represent the same.

subdivisional skill.

(C)

2
`1 GROUP

1

0-

GROUP '2

0 1 T

0 2 149 151

1 6 16

39 4 2 45

T 40 15 157 212

ELEMENT 4/1

TEST H/V (Displacement)__

P = 0.1318

CON CLUS ION Question groups

'11 and 2 represent the same

subdivisional skill.

(B)

GROUP

0

T

GROUP 2

0 1

1 55 129 185

0 2 2 4

21 2 0 23

22 59 212

ELEMENT 4/2

TEST H/V (Displacement)

P = 0.9951

CONCLUS I ON Question groups

1 and.e2 represent. the same

subdivisional skill.

(D)

- 2
GROUP

1
1

0

T

GROUP

'0 1: 2- T

0 194 196

0 4 6

8 0 2 10

<8; .
. 4 20b 212

ELEMENT 1/1(B)- (Retest)

TEST Straight Line /Curve

P = 0.0139

394.

s.6

CONCLUSION Question group's -

1 and 3 probably represent the

same subdivisional skill.1
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GROUP 2.

1 2(A) 0

2 2

GROUP
1 0

1

0. 1

-3

TABLE 9/59

T'

-20. 187

0 2

209

2

1

ELEMENT 6/5(8)

20 '189 212

r

TEST---Numerical-

p 4= 0%1270

CONCLUSION' Question groups

1 and 2 represent the same-

Subdivisional skill.

(C)

2

GROUP
1

1

0

GROUP 2-

0 1 2 T

1.1 50

6

103 3

24

5

:64

37

111

'T 1 113 20 79 212

'ELEMENT 6/2

TEST Straight Line/Curve

p .= 0.0023

CONCLUSION Question groupg

'1-and 2 represent different

subdiv4ional skills.

2

GROUP
1

1

0

T

19 95- 118'.

.
13 9. 18 40

48 3 54

T. .65; *116 '212

ELEMENT 6/3 (A)

TEST Straight Line/Curve

IP = 0.0220`

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisiohal skill.

2

GROUP .

1. 1

0

r

GROUP

0 1

3

1,1

j:29

8

9

395

31

11

3

T 143 24 45 212
.

ELEMENT 6/1

TEST 'Slaight Line/Curve

P
s

0.0035

CONCLUSION Question groups

1 and 2'may.represent the sarrie--

subdivisional skill.
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FIGURES 9.3-9.8

Outline cif the Validated Learning Hierarchy for

Queensland (Programme I)

PRELIMINARY NOTTS

0

396

.

1. The classification code for each basic skill is. outlined Ti Tables,.

5/4-5/10, and abbreviations used for the reievant subdivAional

conditions are listed in the preliminarymotes for Tables 6/4-6/25,
,

2. Lines representing hierarchical connections are classified

.according'to the'following key,

,r\

OM& MM. .111.1111. ON* NM*

I

Connection accepted as

absolute Ho level.'

valid at the

donnection accepted as valid'at

weaker(0.01 and 0.02) Ho levels.

Connection rejected as invalid_at all three

specified Ho levels.

0

408
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FIGURES

Outline of the Validated Learning Hierarchy ,for

South Australia (Programme I)

PRELIMINARYNOTES

1. The -classification code for each basic skill is outlined in Tables
.---

5/475/10,-and-abbreviations used for the relevant subdivisional

conditions are listed-in the preliminary notes for Tables 6/4-6/25.

2. The lines representing hierarchical connections are classified

according to the following key.

NM. ONE. 401I. ON. 4.0

Connection accepted as valid at the

,absolute Ho level.

Connection. accepted as valid at

weaker (0.01 and 0.02) Ho levels.

Connection rejected as invalid at all three

specified Hei levels.
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CHAPTER X

THE EFFECTS OF DIFFERENT CULTURAL BACKGROUND

ON THE/POSTULATED LEARNING HIERARCHY

No,

408



1. Introduction and

409

neral Back round'

(Much of the following ackground information was deriVed from

;

-an .unpublished information :ha etid piepared'by the Papua/New Guinea

Education DepartmentDepartment in 1970 and held in the Research Library, Konedoba,

Port- Moresby. Ot roes of informatidh are specified at

appropriate points, and listed in the final Reference'section.)

The first substantial administrative influence of Western

-civilisation in Papua/New.Guinee probably began in 1884 with the

independent proclaMation of Papua and New Guinea respectively as
te

t I

British and German Protectorates-, 'In 1920, however, these two

territories were joined underAustra4an.administration, and have

remained so until the present eve of independence, although a considerable

degree of self - government has already been in'force for several years.

The most significant Australian influence on Papua/New Guinea,.at

least in economic terms, was probably initiated only during the years

of post war reconstruction (since 1945), and thus there has been

relatively little opportunity for the development of educational

resources on a national scale, so that many indigenous; communities

haVe only recently been exposed to any formal education- in-the!Wettern

or European sense.

The indigenoudihhabitants of Papua/New Guinea comprise an

extremely large number of different language and cultural groups, often

located in remote jungle areas,and this has dallied serious problems in

the development of a common educational system. Magico-religious

beliefs are an integral part of the traditional indigenous cultures,

A91
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and these are both numerous and diverse in character. Many of the
. .

people have also beenreceptive.to the evangelistic work of the 4

Christian missions, who have for many years played a significant role

in the establishment of priiiiry, and to a lesser degree.secondary

education in the country. From the range of- approiimately 700

Indigenous languages, polis Motu and Melanesian Pidgin are probably

the most widely understood, although because of the early British and

1 . Australian influence, English has flee; used -as the official language

of formal education. For most indigent:is students, however, the'llse

of English Is largely still restricted to the school environment.
.

Because of severe limitations in national educational resources, ,

00
:formal education is not yet available to. 'all schOol-agel-children in

Papua/New Guinea; and progressively fewer people can be accommodated

at higher
,
levels, so that the number of students is controlled at

O

various stages by stringent selection procedures, generally applied

on grounds of academic performance: With respect to the indigenods

population, only half the number-of school -age children can be

accommodated at primary school, and of those who are accepted,

than 40% proceed to secondary-schOO1 (Papua/New Guinea Education

Department,- Official Statistics for 1971). The first stage of

secondary education extends for only two years, at which a further

(internal) selection is made for the second two-year stage.' Beyond

this the academic opportunities extend to a.1single senior high school

(forms 5 and.6); several technical schools, colleges and vocational

institutes, and the Teachers College or University, but the number. of -

places (and students) at each of these institutions is extremely

496)NA.
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0

The same on ditiona-do_nipt necessarily apply to Australian

41

and European students -in Papua/New Guinea, who normallyat-end-a-
-%

limited number of urban schools which follow a different (Australian)

curriculum.,

.4 .

Although the Papua/New Guinea Education Department has outlined

.. .
. .

. .
.

a national curriculum in various subject.axeas for both primary and.

0

. . .'.

secondary
i
schools, many of these schools (particularly'primary) follow .

. . .
. ..

st
alterDative Australian or Overseas curricula (papua/NeW Guinea EducaXiOn

Department - Official Statistict 1972), and thus it, is impossible to

define any substantial areasof common curricular experience for

,
1..

students at'lower secondary levels. Moreover for many. subjects,

:including secondary science and mathematics (see Education Department =
%

Papua:New Guinea 1971 for current syllabus outlines); the national

curriculum has itself been considerably revised in recent years, and
0

isat present in dmore or leis transitional phaseof"general
.

implementation. Certain topics, howe vei, including those of graphical

interpretation andcolistructiOn, have not been substantially changed
O

in the new curriculum, and would therefore presumably not be affected

by the general curricular t ransition. Anpoftline of these topics '

''

from the high school mathematics
1 syllabus (1971), is presented in Table

10/1. These.graphical skills are not exillicitlytreinforced in the

4econdary science curriculum, and from informal discussion s with

teecheri at the various schools partinip,;ting in this study, are often

somemkat neglected even in mathematics.

It.should be evident from the discussion above that the present

general-cultural and educational environment in Papua/New Guinea is

It a.
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a

TABLE 10/1
;

Outline of Graphical Skills for the Secondary Mathematics Citrriculua

in. Papua/NewAuinea

FORM GBABBICAL,SKILLS

412

2

3

4

General introduction to various graphical fb'

including pictographs, bar and column-,graphs,

line-segmentgraphs and circle or sector iirap

JEmphasis on 'interpretation rather than

construction

Construction of circle graphs, and intorpretatior'

of straight line travel graphs introducing the'

concepts'of'rite and cfintindity.g

ConveisiOn graphs and the mapping of co-oiainate

pairs. Construction and. interpretation of

simple linear and quadratic functions, including

intercept and gradient for straight line graphs.
4

I^
GraphiCal representation and

various linear'and quadratic
1

the solution of
--P-..`,-

functiblii3, including

circles. and conical sections, viith.emphasis on

interpretative rather than constructional skills.

a

s `

; .11

.r

%
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completely different from that existing in Australia, and this difference
."

has often been-expressed in previous educational reviews and research

reports (see Drover 1967, Prince 1969, Joynt 1969 and Johnson 1968).

Although there may be certain commonfeatures in specific school

curricula, which have largely been prepired by Australian and Overseas

expatriate teachers, there is still a unique and overriding-influence

of particular national needs and,personal characteristics'arising from

the'relatively recent combination of Western and traditional cultures.

These things Considered, it was decided to,examine the potential

application of a common learning hierarchy of graphical interpretation

skills to both Australian and Papuan/NeW Guinean students. , The

)

relevant AUstralian studies involving Programme I have already been

4 described in Chapters VI and IX. The preparption and administration

of the corresponding validation study for Papua/New Guinea is outlined

in section 2 below, and the resultt and implications are presented
.

in sectiOn3.

2. Preparation and -Adrilinist7.ation the Papua/New Guinea Validation

Study (Programme I)

Before the major validation study was undertaken in Papua/New
7

Guinea, a number of specific preparations and administrative

decisions had to be made to account for local difficulties in transport

and` communication between widely separated schools, and for various

differences in starent backgrOund, both within the country and in

relation to Australian students. It was decided, largely for the

former reason, to restrict the validation study to the central, region

4?.5
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(south coast), where a sufficient sample of indigenous high school

students could readily be engaged from local schools.

Since little information was available on levels of reading ability
0

for high school students in Papua/New Guinea, the same validation

programme was applied (Programme I) as that used previously for

Australian students. A preliminary test was made, however, at three

consecutive high school levels (forms 1-3) in order to examine for

each level the assumptions of equivalent, or at least comparable

reading ability, and thus to select the most appropriate level or-

the major validation study. It should also be noted, perhaps, that

the levels cf understanding in Papua/New Guinea for certain relevant

scientific concepts, examined in a previous study by Gardner (1971),

were considered in the initial preparation of the validation programme,

although these levels pf Understanding hal only been determined for

relatively senior high school students.

.

The preliminary test'witn Validation Programthe I in Papua/New

Guinea was conducted at Kwikila High School, and involved a sample of

ten students at each of three consecutive levels from.form 1 to form

3. It'was obvious from the results of this limited test that the

questions and instructions were both poorly understood at the form 1

level, and that many form 2 students would also have some difficulty

in comprehension, so that in spite Of the inevitable differences in age

from the Australian student groups, form 3 was selected as the most

suitable-testing level.

The major validation study in Papua/New Guinea involved a total

of 200 indigenous form 3 students from all six Central District-high



415

schools following the national curriculum. This sample. represented

almost half the total number of indigenous students at that level

in the Central District, and contained 139 male and 61 female students,

the combined group ranging in age from 13 to 19 years (taken to the

nearest year) with a mean of 15.5. The number of students involved

from each partiCipating tchCoi is shown in Table 10/2. Not all of

these schools were co-educational, nor did they represent the same

administrative authority, so that these and other relevant chracteristics

are.also listed far each school in Table 10/2.

The conditions of administration for the major validation study

in Papua/New Guinea were similar to those outlined for Victorian

schools in Chapter VI, and involved consecutive presentation of the

three constituent sections, with Programmes I.and II (the latter

41 discussed in Chapter XI) given simultaneously to differint students.

The mean c6mpletion times for Programme I (shown in Table 10/2) were

not significantly different at the 0.05 level from those eor Victorian

form 1 students (t-test for difference of sample means), in spite of

considerable differences in age and nominal academic.level. Moreover

as indicated previously for each of the Australian studies, the

working rate (based on regular timing results for a single class of

students) appeared to be relatively ccnstant throughout the validation

programme (see Figure 10.1).

47
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TABLE 10/2
0 to

Sample Numbers, Completion Times and High School Characteristics for

Papua/New Guinea (Programme I)

4.

HIGH SCHOOL

(and class)

Number of
Students in
Sample ,

Shortest
Completion
Time (mins.)

Longest
Completion
Time (mins..)

Badihagwa 3A 19 62. 109

3B 15 45 85

Bomana 18 74 124

Iarowari 3A 18 53 92

3B 16 50 105

Kila Kila 3A 26 57 82

3C 18 45 91 i
4

Kwikila 3A 18 - -

3B 16 47 88

3C 16 -

Marianville' 20 76 97

Mean Completion Time 56.1 97.0

Standard Deviation 11.9 13.5

1

High School Characteristics

1. Badihagwa - Co-educational AdminisXration (Education Department)

day school located within the Portoresby district.

.2. Bomana - Catholic day and residential school for male students

only, located close to (but not within) Port Moresby.,

3./ Iarowari - Co-educational Administration school, predominantly

Presidential, and located in a rural area about 15 miles from

Port Moresby.

ti



4. Kila Kila - Co-educational Administration day school located in

Port Moresby.*

5. Kwikila - Co-educational Administration school, predominantly

residential, located in a rural area about 60 miles from Port

Moresby.

6. Marianville - Catholic day and residential school for female,

students only, located close to (but not within) Port Moresby.

Each of these schools covers only forms 1 to 4, and the students at

each level are streamed on the basis of previous academic result's.

4

99
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FIGURE 10.1

Progression Rate for Programme I

(Kwikila High School - Papua/New Guinea)
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1. Circles indica the mean number of pages completed at specified

times.

2. Vertical lines r present the appropriate Standard Deviation.

3. Number of"student involved = 51.
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3. Results and Implications from the Papua/New Guinea Validation

Study (Programme I)

The validation results for Papua/New Guinea (Programme I) were

subjected to the same statistical analysis as those for the previous

Australian studies, outlined. in Chapters VI-IX. The results of this

analysis are presented in Tables 10/3-10/24, and those for the

subsequent analysis of relevant subdivisional skills are presented

in Tables 10/25-10/29.

-Apart from area 2, where most of the postulated hierarchical

connections were rejected as invalid at all three specified Ho leVels

(see Figure 10.3), the validation results for Papua/New Guinea were

;

generally consistent with those from each of the previous Australian

studies. The anomalous results for area 2 were probably caused,by

incidental acquisition of the subordinate skills 1/1(A) and 1/1(B)

during subsequent attempts at more complex capabilities, and this is

shown by retest.,Ksults for element 1/1(A) presented in Table 10/13(c).

The results for areas 1 and 3 (Figures 10.2 and 10.4 respectively)

were more positive than those for the analogous validation studies in

Victoria (Chapter VI) and South Australia (Chapter IX), since all of

the relevant connections were accepted as valid at one of the various

Ho levels, and most were accepted at the absolute level. The same
. -

result was reported for Programme I in the Queensland study (Chapter

IX). All of the postulated connections in areas 4-6 (Figures 10.5-

10.7) were accepted as valid at the absolute Ho level. Although the

power for theso validation tests was often particularly low, the

431
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conclusions are probably substantiated by the fact that eachOf the

previous studies produced almost exactly the same results for these

interpretative areas.
4

The range of difficulty levels and degree of response inconsistency

were both of a similar order in the Papua/New Guinea study to that

. already described for Programme I in Victoria (Chapter VI), and the

resultant statistical problems were the same for both validation

studies. Where the difficulty levels for subordinate skills were

exceptionally low, the postulated connections could not possibly be

I

rejected,.and the power was unrealistically high (s66Tables 10/14,

10(15(Ai, 10/20(B) and 10/21(C)). However where the difficulty levels

and response inconsistency were both relatively high, the resultant

statistical power was exceptionally low.

The subdivisional analysis results for Programme I in Papua/New

Guinea were also generally consistent with those for the previous

Audtralian studies. No discrimination occurred in this case between

the postulated subordinate skills for elements 1/3 and 1/2 in either

the initial or retest si ations, but this inconsistency was probably

iltitiblitable to the very low difficulty levels. The results for

other element:; (3/2(A), 4/2, 4/1 and 6/5(B)) in which no

discrimination occurred between postulated subordinate skills were

consistent with analogous results from most of the other studies.

This study clearry shows that the same hierarchical network of

graphical interpretation skills, previously validated in several

Australian states, is also valid for indigenous high school students

in Papua/New Guinea, but at a different age and nominal academic level.
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Thus in a limited sense this study provides useful cross-cultural

evidence to substantiate Gagne's (1965) model of hierarchical learning,

on which the validation programme was originally based, although the

implications are probably tempered by the fact that the testing

population of third form students in Papua/New Guinea probably represents
%

an"academic elite. It should also be remembered that most of the

primary and secondary school curricula .were prepared by Australian

and Overseas expatriate teachers, and that most of .the current. high

school teachers in Papua/New Guinea are similarly Overseas expatriates

(Papua /New Guinea Education Department - Official Statistics419:72).

These elements of common educational influence in Australia and Papua/New

GUinea probably moderate the potential generalisation of this result,

but do not diminish its importance in establishing a common hierarchical

.network of basic intellectual skills for students with completely

different social and cultural backgrounds.

Much of the previous educational research in Papua/New Guinea has

emphasised the differences between traditional indigenous and western

cultures. Prince (1969), for example, concludes that "western

scientific concepts are almost non-existent in indigenous culture,

and mathematical concepts are demonstrably even more rudimentary,"

and Johnsori (1960) also claims that concepts such as quantity, space

and time "are not expressed in indigenous Now Guinean culture or its

languages." The emphasis on cultural differences between Papua/New

Guinea and other coitries has often led to criticism of local

curriculum planning based on overseas experience (see King 1970), and

in fact this approach to curriculum planning is rejected by Drover

33
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(1967) as "unreal." Evidence from the present study, however, suggests
. \\

that this approach is not unreal, and contrary to the doubt express

by King (1970) that children in Papua/New Guinea would form

mathematical concepts "either in the same order or way or at the same

chronological age as their counterparts in modern western society",

it seems at least that'the order or sequence of acquisition with respect

to certain intellectual skills may be the same.
\

In view of the previous emphasis in Papua/New Guinea on the

relationship between cultural background and concept development in

science and mathematics (see Drover 1967, Johnson 1968, King 1970 and

Prince 1469), it was decided to extend this cross-cultural experiment

with a parallel validation study based on a different informational

model. The second validation study, involving more specific variable's

of Time and Annual Birth Rate (Programme II), was thus intended to

determine the interactivn influence of a different cultural background

and specific informational model on the postulated learning hierarchy

of graphical interpretation skills. A comprehensive outline of this

study is presented in Chapter XI.
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PRELIMINARY NOTES

TABLES 10/3-10/24

Validation Results for Papua /New. Guinea

(Programmb I)

1, The following results are presented in correlation matrix'form,

423

-

listing the number of questions. correct for each element, and the

appropriate marginal totals.:

. The critical number of exceptionS (C) permitted in the 0/2 cell

of the relevant correlation table is listed, together with the

appropriate statistical power, for each of the null hypothesis

leVels defined in Chapter VI (see preliminary notes for Tables

3. The classification code for each element is outlined in Tables

5/4-5/10, and the relevant subdivisional conditions are presented

in Tables 6/4-6/25 (preliminary notes).

I
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(A)

.ELEMENT

1/3-H..

TABLE 10/3

ELEMDIT 1/2-H

2

1

0

T

0 1 2' T

17 10. 163 190

0 4 5

1 1 3 5

19 11 170 200

.0

Ho C POWER

0.00

0.01

3 1.0000

0.02

8 0.9844

111'0.8957

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level. .

(B)

ELEMENT

1/34

2

1

0

ELEMENT 1/2-V

0 1 2 T.

16

0

3

10

0

0

165_,

3

191

3

6

T 19 10 .171 200

HO *C POWER

0.00

0.01

3 1.0000

.8 0.9865

0.02 11 0.9057

CONCLUSION The postulated connection is accepted as valid at
r

the absolute Ho level.

(C)

ELEMENT
1

1/2-V
0

T

'ELEMENT 1/10b-v/s

0 1 2 T

39

3

9

'20

1

112

6

6

171

10

19

51 25 124 200

Ho

0.00

-0.01

0.02

'

0.9869:1

0.8800

0.7053

C POWER

5

8

10

-CONCLUSION The postulated connection is accepted as valid at

the \second (0.01) Ho level, although the power at this level is

1(7'
relatively. Aow. 436
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(A)

ELEMENt

1/1(B)-V/S

TABLE 10/4 .

ELEMENT 1/1 (A) -WS

0 1 2

2 2 115 124

1 10 0 25

0 42 9 ,0 51

T 59 26 115, 200

Ho

..00

0.01

.425 .

POWER

9 0.8636

11 0.6872

0.02 13 0.4643

CONCLUSION The postulated connection is accepted as valid at

the absolute:Ho-leveli although the power ig relatively low.

1'

Dl

(B)

2

ELEMENT. i

1 /2 -V .

0

T

ELEMENT, 1/1(A) -H/S
0

0 1 2 T

45 20' 106 171

3 2 5 ).0

11 4 4 . 19.

59 '26 115 200

L

Ho C POWER

0.00

0.01

0+.02

5 0.9761

. 7. 0.8957

10. 9.6087

CONCLUSION The postulated connection is accepted as valikl at

the absolute Ho level.

(C)

ELEMENT

/2-H

ELEMENT 1/1(A) -H/S'

1

0

T

0 1 2. T- 1.

C

I

POWER43 18 169

,.

170 Hb

3 2 11.
0.00 0.9764

.10
5 4 19 0.01 7 0.8966

59 26 115
0. Oil

200 10 0.6106

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.
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(A)

TABLE 10/5

w

ELEMENT 1/1(3).-Ws

\ 0 1 2

.2

ELEMENT
1

"112-H

0

T

\

\

T

22 27. 127 170

5 11

7 5 19

34 '29 137 200

,

Ho. POWER

1%,

0.00

0.01

0.02

7 0.9676

10 0,8141

12 0.6193

CONCLUSION The illpstalated connection is accepted

.the absolute4RoIe.rel.

ELEMENT 1/1 (A) -Ws .

2

ELEMENT
1

1/1(B)-H/S
0

0 1. .2 T

9

10

4

19

124 137

0 .29

28 6 0 34

47'" 29 124 200

Ho

as valid at

POWER

0.00.

0.01

0.02

.p10. 0.8410

12. 0.6597

14-, 0.4415

4

CONCLUS I ON The pcistulated Connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

(C) //
2

ELEMENT

1/2-H-
1

0

ELEMENT 1 /1(A)

0 1 ? T

33 20 117

7 3

170

11

7 8 4 19

T 47 29 124 200

Ho. C POWER

0.00

0.0/

0.02

6 0.9684

8

11

0.8799

0.5933 1

CONCLUSION The postulated'connectirT) is accepted as valid at

the absOlute Ho level,
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(A)

TABLE 10/6

E LEMEMT 1/\1 (A) -V/S

0 1 2 T

ELEMENT
1 lo\

1/2-V

4

Ho. C POWER

0.00 6 0.9676

CONCLUSION The postulated connection ib

the absolu,c Ho level.

(B)
ELEMENT 1/1 (3) -vic

ELEMENT
1

1/2-V

0

T

0 .1 2 T

27 14 130 171

01 2 8 10

8 1 10 19

35 17 148 200

0.01

0,02

8 0.8789

11 0.5913

accepted as Valid at

Ho C POWER

0.00

0.01

0.02

5 0.9977

8

11

0/.9651

0.8163

CONCLUSION The postulated connection is accepted .as valid at

the third (0.02) Ho level, although the power at this level is.

relatively low.

(C)

2

ELEMENT

1/1(13)-V/6

0

T

ELEMENT i/1 (A) -H/C

0 \ 1 2 T

12
\
8 128 148

5 12 0 i7

34 1 \,,c1 35

51 21 128 200

Ho C POWER

0.00

0.01

0.02

6 0.9842

9 0.8769

11 0.7096

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

49
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.

.(A)

TABLE 10/7

ELEMEMT 1/1 (A) -}/c

ELEMENT
1

1/2-V

0

11 1 2 T

171

10

19

36

3

12

19

1

1

116

6

6

T 51 21 128 200

Ho

0.00

0.01

C POWER

4 0.9967

8 0.9013

0.02 10 0.7445

CONCLUSION The' postulated connection is accepted as valid,at

the second (0.01) Ho level.'

ELEMENT 1 /1(A) -H /c
(BY

0

2 /34 18

ELEMENT
1

1/2-H

0

1

2

2

12 1

5

118

4

6

T

170

11

19

T 51 21 128 200

Ho C POWER

0.00 4 0.9967

0.01 8 0.9022

0.02 10 0.7462

CONCLUSION The postulated connection is accepted as valid at

I the second (0.01) Ho level.,

(C)

2.

ELEMENT

1/2
-H

0

T

ELEMENT 1/1 (B) -H/c
0 1 2 T

38

4

12

0

1

123

/7

6

170

11,

19

54 10 136 200

0.00

POWER

0.9996

0.01 7 0.9676

0.02 10 0.8138

CONCLUSION The postulated connection is accepted as valid at

the second (0.01) Ho level.
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(A)

TABLE 10/8

E LEMEMT 1/1 (A) vs/C

2

ELEMENT
1

1/1(B)-H/C

0

T

0 1 2 T

12 2 122 136

5 4 10

46 8 0, 54

63 14 123 200

Ho

0.00

0.01

0.02

POWER

5 0.9895

8 0.8973

'10 0.7370

CONCLUSION The postulated connection is accepted, as. valid at

the absolute Ho level.

(B)

ELEMENT
1/2-H

429

2

1

0

T

ELEMENT 1 /1(A)v/c

0 1 2 T

Ho C POWER47 10 113 1 170

5 1 5 11
0.00 3 0.9987

11 5 19
0.01 0.9327

63 14 123 2Q0 0.02 9 0.7991

CONCLUSION' The postUlated connection is accepted as valid at

the second (0.01) Ho leve.

(C)

2

ELEMENT
- 1

1/2-V

0

ELEMENT 1/1 (A) v/c.

0 1 2 T

49 10 112

3 0 7

11 4 4

171

10

19

T 63 14 123 200

Ho C POWER

0.00

No:1

0.02

3 0.9987

7 0.9320

N.9 0.7976

CONCLUSION The postulated connection is accepted as valid at

the second (0.01) Ho level.
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(A)

TABLE 10/9

E LEMEMT 2/1(A) -H/P

0 1 2 T

2 21' 13 81 115

ELEMENT
1 14 8 4 26

1/1(A)-H/S

0 30 10 19 59

T 65 31 104 200

430

Ho C 'POWER

0.00

G.01

0.02

10 0.7338

12 0.5111

14 .0.2946

CONCLUSION The pqstulated connection is i.ejected as invalid

at all three specified Ho levels.

(B)

.

ELEMENT

1/1(B)-V/S

ELEMENT 2/1(A) -H/P

b 1 2 .T

24 15 85 124 Ho C POWER

1 16 4 5 2,5 0.00 9 0.7895

0 25 12 14 51 0.01 11 0.5744

T, 65 31 104 200 0.02 13 0.3456

CONCLUSION The postulated connection is rejected as invalid

at all three specified Ho levels.

(C)

2

ELEMENT
1

1/1(A)-H/S

0

ELEMENT 2/1 (B) -H/S

0 1 2 T .

23 17 75 115

14 8 26

35 9 15- 59

T 72 30 98 2d0

Ho C POWER!

0.0 0 9 0.7488

0.01

0.02

11.

13

0.5198

0.2951

CONCLUSION The postulated'connection is rejected as invalid

at all three specified Ho levels.
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(A)

TABLE 10/10

E LEME MT 2/1 (B) -H/S

0 - 1 2 T

2 28 17 79 124

ELEMENT
1 12 4 9 25

1/1(B)-V/S

0 32 9 10 51

T 72 30 98 200

CONCLUSION The

the second (0.01)

particularly low.

(B)

2

ELEMENT
1

1/1(A)-H/S
0

Ho

0.00

0.01

0:02

C POWER

0.8108

10 0.5935

12 0.3556

postulated connection is accepted as valid at .\

Ho level, although the power at this level is

ELEMENT 2/1(B) -H/P

0 1 2 T

30 15 70 115.

6 26J.
59

93 200

17 3

37....
T 84

5 17

23

Ho C Pow
0.00 7

0.01 9

0.02 11

0.848

0.6317

0.3842

CONCLUSION The postulated connection is rejected as invalid

at all three specified Ho levels.

(C)

ELEMENT

1/1 (B)-V/S

ELEMENT 2/1 (B) -H/p

0 1 2 T
61.

2 34 16 74 124 Ho C POWER

1 15 3 7 \, 25 0.00 7 0.8232

0 35 4 12 51 0.01 9 0.5991

T 84 23 93 200 0.02 10 0.4720

CONCLUSION The postulated connection'is rejected as invalid

at all three specified Ho levels.

4'13
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I

(A)

ELEMENT

1/2=-V

TABLE 10/11

2

1

0

T

ELEMENT 3/2 (A) -Max .

0 1 2 T

30 31 91 152

9 3 5 17

12 6 13 31

51 .40 109 200

Ho

0.00

0.01

0.02

C POWERS,

9 0.7664

11 0.5429

13 0.3160

accepted as validCONCLUSION at

the third (0.02) Ho level, although the power at this level is
/

The postulated connection is

extremely low.

(B)

ELEMENT

1/1(A) -V/C

ELEMENT 3/2 (A) -Max .

0 1 -2 T

32 29 95 156 Ho C POWER

8 3 7 18 0.00 9 0.7309

0 11 8 7 26 0.01 10 /0.6178

T 51 t40 109 200 0.02 12 0.3800

CONCLUSION The postulated connection is accepted as valid

the absolute Ho level, although the power is relatively low.

(C)

ELEMENT

1/2-V

at

.2

ELEMENT 3/2 (A)-Min.

0 1 2 T

C POWER30 39 83 152 Ho

1 8 3 6 17 0.00 11 0.4469

0 13 9 9 31 0.01 12 0.3323

T 51 51 98
0.02

200 14 0.1557

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

444
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(A)

2

ELEMENT if
1/1(A)-V/C

0

T

433

TABLE 10/12

ELEMENT 3/2 (A) -Min.

0 1 2 T

32 38 86 156

6 5 7 18

13 8 5 26

51 51 98 200

Ho C POWER

0.00

0.01

0.02

10 0.5024

4
11 0.3802

13 0.1835

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

(B)

2

ELEMENT
1

3/2(B)

0

ELEMENT 3/1

0 1 2 T

178

6

16

56 79 43

2 2 2

5 10 1

T 63 91 46
1
200

Ho C POWER

0.00

0.01

0.02

9 0.0063

10 0.0021

10 1 0.0021

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.,

(C) ELEMENT 3/1

0- 1 2 T

2

ELEMENT
1

. 3/2 (A) -Max .

0

30 51

13 20

28 109

7 40

20 20 11 51

T 63 91 46 200

Ho C POWER

0.00 20 0.0016

0.01 20 0.0016

0.02 20 0.0016

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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(A)

2

ELEMENT
1

.3/2(A)-Min.

0

TABLE 10/13

ELEMEMT 3/1

0 1 2 T

31 44 23 438

14 22 15 51

18 25 8 51

T 63 91 46 200

CONCLUSION The -postulated connection accepted as valid at

the absolute Ho level, although the power is extremely low.

Ho C POWER

0.00

0.01

0.02

20 0.0020

20

20

0.0020

0.0020

(B)

2

ELEMENT
1

1/2-V

0

410

ELEMENT 1/2-V (Retest)

.0 1 2 T

19 13 139 171

6 10

9 3 7 19

T 31 17 152 200

Ho C POWER

0.00

0.01

0.02

5 0.9983

9 0.9451

-1-1 0.8421

CONCLUSION This skill was not acquired by any significant

proportion of

capabilities.

(C)

2

ELEMENT
1

1/1(A) -V

0

T

students in the process of attempting more complex

ELEMENT 1 /1(A) -v (Retest)

0 1 2 T

5 4 114 123

3

18

26

14

35 63

18 1 156 200

4

10

.4 CONCLUSION This skill was acquired by

proportion of students in the process of attempting more complex

Ho POWER

0.00

0.01

0.02

a significant

13 0.9057

15 0.7857

17 0.6136

446
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(A)

ELEMENT

4/3

2

1

0

T

ELEMENT

0 1

TABLE 10/14

4/2-H

2 T

13
I

6 176'
r/-
195

IM,

1 0 '3 4

1 . 0 0 1

15 6 1 179 200

HQ

0.00

0.01

0.02

C POWER

1 1.0000

7 0.9969

11 0.9369

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.

(8)

ELEMENT

4/3 -

2

1

0

T

ELEMEr- 4/2-V

0 1 2 T

12 47 136 195

1 1 2 4

1 0 0 1

14' 48 138 200

Ho

0:00

0.01

0.02

C POWER

4 00485

5 0.5930

7 0.2860

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.

(C) ELEMENT 4/2-H

0 1 2 T

2 13 6 177 196 ,Ho
ELEMENT
1/3-H

1 1 0 1 0.00

0

T

1 0 1 2 0.01

15 6 179 200
a 0.02

C POWER

2 1.0000

7 0.9969

11 0.9373

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.

44 N
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(A)

436

TABLE 10/15

ELEMEMT 4/2-V

0 1 2 T

2 12 47 137 196

ELEMENT
1 1 1 1 3

1/3-V

0 _0. 0 1

T 14 48 138 200

Ho C POWER

0.00

0.01

0.02

0.7482

5 0.5926

7 0.28561

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho ]del, although the power is unrealistically high.

(B)

2

ELEMENT
1

4/2-H
0

T

ELEMENT 4/1-H

0 1 2 T

11 251 143 179

3 0 6

9 5 1 15

23 30 147 200

CONCLUSION The postulated connection is

Ho.

0.00

0.'01

0.02

C POWER

9. 0.8964

11 0.7448

11 0.5338

accepted as valid at

the absolute Ho level, although the power is relatively low.

(C) ELEMENT 4/1-V

0 1 2 T

2 11 21 106 138

ELEMENT

4/2-V
1 3 6 39 48

0 8 5 1 14

T 22 32 146 200

Ho C POWER

0.00 13, 0.7117

0.01 15 0.5082

0:02 17 0.3098

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.
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(A)

ELEMENT

1/2-H

TABLE 10/16

2

1

0

-T

ELEMEtIT 4 /1 -H .

0 1 2 T

11 25 141 177

4 2 4 ao

8 . 3 2 13

.23 30 147 200

MI/

Ho C POWER

8 0.93460.00

0.01 10 0.8121

0.02 12 0.6164

CONCLUSION The ppstulated connection is accepted as valid at

the absolute Ho level.

(B)

.

ELEMENT

1/2-V

437

r

ELEMENT 4/1-v

2 11 26 134 171 Ho POWER

1 5 11 17 0.00 9 0.8681

0 6 5 1 12 0.01 11 0.6945

T , 22 32-, 146 200 0.02 13 0:4729.

CONCLUSION The postulated connection is accepted as valid. at

the absolute Ho level, although the power is relatively low.

(C)
ELEMENT 5/3 (A)

0 1 2 T

2 - 8 8 177 193 Ho C POWER

ELEMENT
1 0 0 2 2 0.00

5/4 (A)

0 2 2 1 5 0.01

4 0.9998

8 0.9851

T 10 10 180 200' 0.02

CONCLUSION The postulated connection is accepted as valid at

11 0.8988

the absolute Ho level.
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(A)

TABLE 10/17

ELEMENT 5/2 (A) a

0 1 2 T

2 110 57 180

ELEMENT
! 1 8 1 10

5/3(A)

0 9 11 0 10.

T 4127 15 1 . 58 200

O

'HO POWER

0.00

0.01

0.02

2 0.,9316

4 0.6920

0.3622

/ . 4f

. CONCLUSION The postulated connection is acceptehas valid at'

the absolute Ho level.

(B)

ELEMENT
1

4/1-H
0

ELEMENT 5/2(A)

0 1 T

76 '11 50 137

12 1' 5 18'

39 3 3 45,

. T 127 15 58 200

tio C

0.00

0.01

0.02

3

POWER

1
0.8593

5 0.5688

0.2642

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

(C)

2

ELEMENT

4/1-V
1

0

ELEMENT 5/2(A)

0 a 2 T

66- 10 46' 122.

26 2 10 38'

35 3 2 40

T 127 15 581 200

CONCLUSION The postulated connection is accepted as valid at-

the absolute Ho level, although the power is particularly low.
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I

-

2

ELEMENT

5/3(8)

0

T

CONCLUSION

TAW: 10/18

039

.

ELEMEtIT. 5/2(n)

0 1 2 . T

13 6 99 118 Ho C POWER

13 7 30 0.00 0.8749
1

47. 1 52 0.01 10 .0.6964

0.02 ;12 9.4660
73 '20 107 200

The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatiVely low.

(B) A ELEMENT 5/2(a) °

1 2 T

2

ELEMENT

1 /1(S) -H /C

0

52 i7 ,102

.2

16 0

T 7,3E1 20 107 200.

CONCLUSION UThepoStulated connection is

the absolute Ho level.

ELEMENT

5/2(B)

ELEMENT .5/1 .
0 1 2 r

2 48 39 20 107

1 16 , 3'. 1 20

0 61 12 0 73

T 125 54 21 200

Ho

0.00

0.01

0.02

'C POWER'

3 0.9950

'6 0.917,1

0.6389

accepted as valid at

Ho' C POWER

.,0 . 00-

0.01

0.02

9 0.0060

9 :0.006d

D.0060
.0 ^

CONCLUSION The poStUlated connec ion'iS accepted as valid at

the'absolute Ho level, although the power is extremely low.
. /

4,0
I.
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(A) 1,

ELEMENT

5/2(A)

CONCLUSION . The postulated connection is - accepted as valid at'

-TABU 10/19--

2

T

ELEMEMT 5/1

0 1 .2 T

24 23 -64

19 12 3 34

$2 19

Mb.

14 102

125: 54 21. 200

.

Ho

0.00

POWER .

0.0072

0'. 01

0.02 .IMPII.,

12

12

0.0027

0.0027

the absolute Ho .level, althciagh.the power'is extremely low.

(B) :

ELEMENT

0

:T

4/i -H

ELEMENT 4/1-H (Retest)

0 1 2 T

18 11 118 147 Ho IC POWER

11 5 14 30 0.00 7 0.9830

2 5 23 ' 10 -0.8808

45 '1.8 137 200 0.02 12 0.7246

. .

CONCLUSION This, Skill was not acciaireci by any significant

.proportion of students in the prqces§ of attempting 'ire complex

capabilities.

(C)

ELEMENf

4/1-V

ELEMENT 4/1-V efte testi

1 . Z T

CONCLUS I Oil

proportion of

capabilities.

38 7122 .200
/,

This skill was

students- in the

t

Ho POWER

00

0.01

0.02

10 0.7820'

12 0.5739

_14 0.3528

not acquired by any significant

process of attempting more.complex

45)
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(A)

ELEMENT

5/2(A)

TABLE 10/20

2

1

0

T

ELEMENT 5/2(A) (Retest)

0 1 2 7

3 6 49 58

1 4 10 15

98 24 5 '127

102 34 64 200

Ho

0.00

0.01

0.02

11 111;.2218

12 0.1412

0.08.4

CONCLUSION This skill was not acquired by any signifiCant
. I

proportion of students in the process of attempting more complex

- capabilities.

(B).

1

ELEMENT
1

6/5(B)

0

T

- \
ELEMENT 6/4(B)

0 1 - 2 , T

7 5 185 197

0 2 2

1 0 01 1

8 5 187 200

f.

Ho C POWER.

0.00 2 1.0000

0.01 7 0.9973

0.02 11 0.9436

CONCLUSION The postulated connection is accepted as valid at

the absolute.Ho level, although the poweris unrealistically high.

(C) ELEMENT 6/3 (B)

0 ,1 ,2 T

2 27 11 149 187

ELEMENT
1 4 0 1 5

6/4(B)

0 0 1 8

T 38 11 151 ibo

CONCLUSION The postulated

the absolute Ho level.
9

connection

453

Ho C POWER

1.0000

0.9844

0.8875

is accepted as valid. at

0.00 2

0.01 7

0.02 10

441'



(A) ELEMENT

TABLE 10/21

'//
6/2-S

. 0 1 2 T

2 32 32 63 ,127

ELEMENT
1 11 8 0 19

6/3 (B)

52 2 0 54

T 95 ,42 63 200

CONCLUSION The' postulated connection

the absolute Ho 1 vel, although 'the power is particularly low.

_

H10

0/.00
/

0.01

0.02

C POWER

8 0.3592

9

10

.41

0.2391

0.1477

accepted as valid at

ELEMENT

6/3(A)

442

ELEMENT 6/2 -S

p 1 2 T

2 /50 16 63 109 Ho C POWER ,

1 27 26 0 53 0.00 11 0.1765

Ci 38 0 0' 38 0.01 12 0.1075

T 95 42 63 200 /
0.02 13 0.0614

CONCLUSION The postulated connection is accepted as valid at

the absolute H level, although the power is extremely low.

(C)

ELEMENT

6/5 (B)

MENT 6/2-s 4a,

0 1 2 T

2 88' 41 1 1901 Ho C Pow ER

1 5 2 0.00 2 0.9278

0 2 0 2 0.0/ 4 0.6811

T 95 42 63 200
0.02 0.3500

1

CONCLUSION The po tulated Connection is

the absolute Ho level, although the power is unrealistically high.

accepted as valid at
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(A)

ELEMENT

6/3(B)

TABLE 10/22

2

1

0

T

ELEMENT 6/2 -c

0 1 2 T

40 18 78 136

9 1 0 10

52 2 0 54

101 21. 78 200

Ho C POWER

0.00

0.01

0.02

4 0.9151

6 0.7143

8 40.4342

CONCLUSION The postulated connection is accepted as,valid at

the absolute Ho level.

(B)

2

ELEMENT
1

6/3 (A)

0

T

ELEMENT 60-c

0 1 2 T

33 9 78 120

13 12 0 25

55 0 0 55

101 21 78 200

__
HoH

0.00

C

(.:

POWER

<,

6 0.7726

0.01 8 0.5092

0.02 9 0.3750

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

(C) ELEMENT 6/2-c

0 1 2 T

2 94 *21 '75' 196
ELEMENT

1 5 0 3 8
6/5 (B)

0 2 0 0, 2

T 101 21 78 200

Ho C POWER

0.00 2 0.9837

0.01 5 0.7820

0.02 7 0.5019

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is unrealistically high.
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(A)

ELEMENT

6/2-S

444
TABLE 10/23

ELEMENT 6/1-H/S

0 1 2 T

2 36 12 15 63

1 29 3 10 42

0 89 4 2 95

T 154 19 27 200

Ho

0.00

0.01

0.02 9

8

8

POWER

0.0355

0.0355

0.0145

CONCLUSION The postulated cohnection is accepted as valid at

the absolute Ho level, although

(B)

ELEMENT

6/2-C

2

1

0

T

ELEMENT 6/1-H/C

0 1 2 T

41 12 25 78

16 3 2 21

97 3 1 101

154 18 '28 200

the power is extremely' low.

Ho C POWER

0.00

0.01

0.02

5 0.1270

V./

5 0.1270

6 0.0558

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

2

ELEMENT

1/1(B) -H/S
1

0

T

ELEMENT 6 /1 -H /s

0 1 2 T

139 18 27 184

8 0 0 8

7 1 0 8

154 19 27 200

Ho C POWER

0.00

0.01

0.02

1 0.5002

2 0.2789

3 0.1314

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.
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(A)

445
TABLE 10/24

ELEMENT 6/1-H/C

0 1 2 T

2 .142 18 28 188

ELEMENT
1 8 0 0 8

1/1 (B) -H /C

0 4 0 4

T 154 18 28 200

Ho C POWER

0.00

0.01

0.02

1 0.7645.

3 0.2992

4 0.1451

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

(B)

ELEMENT

6/3(C)

:.

ELEMENT 6/2 -S

0 1 2 T

2 27 3.3 62 102 HO C POWER
(

1 23 29 1 53 0.00 11 0.2207

0

-AI

45 0 0 45 0.01 12 0.1404

T 95 42 *63 200 0.02 13 0.0838

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.

(C)

2

ELEMENT

6/3(C)
1

0

o'

ELEMENT 6/2-C

0 1 2 T

108

34

58

27 3 78

16 18

,

0

5R 0 0

T 101 21 78 1 200

HO C POWER

0.00

0.01

0.02
.

.

8 0.6007

9 0.4672

10 0.3413

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is particularly low.

LI 5
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TABLES 10/25-10/29

Subdivisional Analysis Results for Papua/New Guinea

(Programme I)

PRELIMINARY NOTES .

1. The following results are presented in correlation matrix form,

listing the number of questions correct for each element, and

the appropriate marginal totals.

2. The classification code for each element is outlined in Tables

5/4-5/10, and a list of the relevant subdivisional question

groups is presented in Table 6/2.

3. P represents the combined probability that the observed number

of students in the 0/2 and 2/0 cells could have occurred through

chance (or errors of measurement) under the null hypothesis

that no-one can possess only one of the relevant subdivisional

skills without also having the other.
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(A)

GROUP 2

0 1 2

2' 0 1 189

GROUP
1 1 2 2

1

0 5 0 0

T 6 3 191

TABLE 10/25

T

190

5

5

200

ELEMENT 1/3

TEST H/V (Position)

P = 1.0000

CONCLUSION Question groups

1 and 2 repreient the same

subdivisional skill.

(C)

2

GROUP
1

1

0

GROUP 2

0 1 2 T

11 15 111 137

17 6 6 29

23 4 7 34

(B)

2

GROUP
1

1

'0

T

GROUP 2

0 1 2 T

1 4 165 170.

2 4 5 11
MI

16 2 1 19

19 10 171 200

ELEMENT 1/2

TEST H/V (Co-ordinates) '

P = 0.0166

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisional skill.

(D)

2

GROUP
1

1

0

T 51 25 124 200 T

ELEMENT in (3)

TEST H/V (Co-ordinates)

P = 0.0000

ELEMENT

GROUP

0

3

1 2 T

9 4 124 137

16 3 10 29

29
1..

3 2 34

54

1/1 (3)

10 136 200

TEST Straight Line/Curve

P = o.0000

CONCLUSION Question groups CONCLUSION Question groups

1 and 2.represent different 1 and 3 represent different

subdivisional skills. . subdivisional skills.

459 ,

.



TABLE 10/26

2

GROUP
1

2

0

T

GROUP_ 4

0 1 2

2 3

7

119

13

124

25

28 7 16 51

35 17 1481 200

ELEMENT 1/1(B)

TEST Straight Line/Curve

P = .0.0°00-

CONCLUSION Question groups

2 and 4 represent different

subdivisional skills.

(C)

2

GROUP
1

0

T

Ab.

GROUP 2.

0 1 2 T

3 6 106 115

10 3 13 26

38 12 9 59

51 21 128 200

ELEMENT 1/1(A)

TEST Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.

0

T

GROUP 2

0 1 2 T

9 8 98 115

6 7 13 26

32 14 13 59

47 29 124 200,

ELEMENT 1/1 (A)

TEST H/V (Co-ordinates)

P = 0.0000

CON CLUS ION Question groups

1 and 2 represent different

subdivisional skills.

(D)

2

GROUP
1

2

0

T

ELEMENT

TEST

GROUP 4

0 1 2 T

12 6 106 124

13 2 14 29

38 6 3 47

63

1/1(A)

14 123 200

Straight Line/Curve

P = 0.0000

CONCLUSION Question groups

2 and 4 represent different

subdivisional skills.

46 0
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(A)

TABLE 10/27

GROUP 2/1(8)-2

0 1 2 T.
(B)

2 16 14 74 104 2

GROUP GROUP

2/1(A)-1
1 22 4 5 31

1

0 46 5 14 '65 0

T 84 -23 93 1 200

ELEMENT 2/1 (A ) -2/1 (B) ELEMENT

GROUP -2

o 1 2 T

9 10 79 98

16 7 30

59 6 7 72

84 231' 93 200

2/1 (B)

TEST Interpolation/Extrapolation TEST Line/Points

p = 0.0000

.CONCLUSION Elements 2/1(A)

and 2 /1(B) represent different

basic skills.

P = 0.0000

CON CLUS I ON Question groups

land 2 represent different

subdivisional skills.

GROUP 2

(C) (D)
0 1 2 T

2 5. 20 84 109 2

GROUP GROUP
1

1
10 20 10 40 1

1

0 36 11 4 51 0

T 51 51 98 200 T.

ELEMENT 3/2 (A) ELEMENT

TEST Max./Min. Values

P = 0.0377

CONCLUSION Question groups

1 and 2 probably represent the

same subdivisional skill.

GROUP 2

0 1 2 T

0 196 196

0 2 0 2

1 1 0 2.,

1

1/3

3

(Retest)

196 200

TEST H/v (Position)

P moo

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.
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( A )

. 2

GROUP
1

1

0

/ T

ELEMENT

TABLE 10/28

GROUP 2

0 '1 2 T

0 10 167 177

2 10

9 2 2 13

12

1/2

17

(Retest)

171 200

TEST H/V (Co-ordinates)

P = 0.0145

CONCLUSION Question groups

1 and 2 probably represent

the same subdivisional skill.

(C)
GROUP 2

.0 1 2 T

21 2 16`129 147

GROUP

1
1 I ,3 12 15 30

0 17 4 2 23

T 122 32 146 iób'

ELEMENT 4/1

TEST" H/V (Displacement)

P = 0.1165

CONCLUSION Question groups

1 and 2 represent the same

subdivisions] skill.

.(B)

2

GROUP
1

1

0

T

ELEMENT

GROUP 2

0 1 2 T

1 46 132 179

0 1 S 6

13 1 1 15

14

4/2

48 138 200

TEST H/V (Displacement)

P = .0.3690

CONCLUSION Question groups

1 and 2 represent the same

subdivisional skill.

(D)

2

GROUP
1

0

T

ELEMENT

GROUP 3

0 1 2 T

2 2 180 184

0 2 6 8

2 4 2 8

4

1/1 (B)

8

(Retest)

188 200

TEST Straight Line/Curve

P = 0.0601

CONCLUSION Question groups

1 and 3 represent different

subdivisional skills.
w

4 6 2

450



V

'(A)

2

GROUP
1

Q

T

TABLE 10/29

GROUP 2

0 it 2

1 8' 188 197

0 0 2 2

1 ° 0 0 1

.2 8 190 200`

ELEMENT 6/5(B)

TEST NuMerical Range

P = '0.1008.

CONCLUSION _Question grOups

1 and 2 represent the same

subdivisional skill.

(C)

2
GROUP

1

0

GROUP 2

0 1 2

3 11.

12 9

49

21

86 1 8

T

63

42

95

T 101 21 78 200

ELEMENT 6/2

TEST Straight Line/Curve

P = 0.0001

CONCLUSION Question groups

1 dnd 2 oresent different

subdivis ,jai skills.

(B)

2

GROUP
1

1
0

451

GROUP 2

0 i 2 T

8 13 88 109

15 10 28

32 4

I

53

38

T 55 25 120 200

ELEMENT 6/3 (A)

TEST straight Line/Curve

P = 0.0021

CONCLUSION Question groups

1 and 2 represent different

subdivisional skills.

(D)
GROUP 2

0 1 2 T

2 3 6 18 27
GROUP

1
1 6 5 8 19

0 145 7 2 154

-.0

T 154 18 28 200

ELEMENT 6/1

TEST straight Line /Curve

P = 0.0007 '

CONCLUSION Question groups

1 and 2-represent different

subdiviiional skills.
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FIGURES 10.2-10.7

452

Outline of the Validated Learning HiArarchy for.PapuaAew Guinea
/

(Programme I)

I

-PRELIMINARY NOTES

1. The classification code for each basic skill is outlined in

Tables 5/4-5/10, and abbreviations used for the relevant'.

subdivisional conditions .re listed in the preliminary notes

for Tables 6/47-.6/25.

2, Lines ,reprpsenting hierarchical connections are classified

according to the following key.

.?

Connection accepted as valid at the absolute

Ho level.

Connection accepted as valid ,at weakei

go.ol and 0.02) Ho ldvels.

Connection rejected as.,invalid at all three

specified Ho levels.
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CHAPTER XI

THE INTERACTIVE EFFECTS OF A DIFFERENT CULTURAL BACKGROUND

AND SPECIFIC INFORMATIONAL MODEL ON THE POSTULATED-

') LEARNING HIERARCHY

170
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1. Introduction

The influence of traditional culture on indigenous students in

Papt'a /New Guinea has often been suggested as a source of learning

difficulties with respect to certain mathematical and scientific

concepts fundamental to Western language and culture (Johnson 1968;
Q

Prince 1967 and 1969), and it seems that these difficulties are stills

apparent at relatively, senior academic levels (Mackay and Gardner'1969).

Time has been mentioned on several occasions as a source of particular

conceptual difficulties (see,Johnson 1968; Prince 1969, 1970; Mackay

and Gardner 1969), and since this was one of the major variables

incorporated in the second validation programme, it was decided to

zz.

test this programme in Papua/New Guinea with a similar group of high

school students to that involved in the validation study with Programme

I. Thus the object of this test with Programme II was to determine

whether possible conceptual difficulties with specific informational

variables, presumably attributable in the general sense to some aspect

of the cultural background, would influence the acquisition sequence

of certain graphical interpretation skills associated with these

variables.

2. Preparation and Administration

The preparation of Programme II, which incorporated Time and Annual

Birth Rate as the basic informational variables, has already Peen

described in Chapter VII. The sequence'of computational and interpretative

skills was the same as that outlined for Programme I (Table 6/1), and

1
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th( range of associated subdivisional skills (listed in Tables 6/i

and 6/2) was also common to both validation programmes.

The administration of Programme II in Papua/New Guinea, which

was performed in conjunction with Programme I "(see Chapter X), involved

a total of 191 indigenous form 3 students from all six Central District

high schools following the national curriculum. This group contained

132 male and 59 female students, together ranging in age from 14 to

18 years (taken-to,the nearest year) with a mean of"15.5. Thus in

41

terms of average age and range, this group was almost identical to

that involved in the validation study with Programme I, and, as expected

from the difference in academic level, considerably older than any of

the Australian form 1 or first year high-school groupc. The number

of students involved from each participating school is shown in Table

. 11/1, and the relevant school charac, ristics of location and controlling

authority, co-eduational and residential status have already been

outlined in Table 10/2 (Chapter X).

The mean completion times for Programme II in Papua/New Guinea

(shOwn in Table 11/1, /ere not significantly different at the 0.05

level (t-test) f cam tY Sd reported earlier for Programme I (Chapter

X). A similar result was also reported for Programmes I and II in

the relevant VictoriAn validation studies, and in fact the mean-

completion times for Victoria were effectively the same as those for

Papua/Now Guinea, iv spite of substantial differences in student age

.ind nominal academic level. As in all of the previous validation

studios, the progression rate for Programme ';1 (Figure 11.1) was

relatively constant for the single testing group in Papua/New Guinea,



TABLE 11/1

0
Sample Numbers and Completion Times for Programme II

(Papua/New Zuinea)
r

HIGH SCHOOL

(and class)

Number of Shortest Longeit

Students in Completion Completion

Sample . Time (mins.) Time (mins.)

Badihagwa 3A 12

3B 15

Bomana 17

larowari 3A 16

3B 16

Kila Kila 3B 29

3C 17

Kwikila 3A 13

3B 12

3C '23

Marianville - 21

Mean Completion Time

Standard Deviation

.461

50 104

45 \ 85-

62 112

56. 104

54 107

46 101

43 100

-
,

45 107 -.

41.

88 130

54.3 105.6

14.1 11.8

NOTE

The controlling authority, co-educational status, location and

residential characteristics for each of the schools above is

presented in Table 10/2 (Chapter X).

3,
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Progression Rate for Programme II

(Kwikila High School - Papua/New Guinea)
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and thus the relevant graph was linear to the point of first completion.

3. Results and Implications 0

The statistical analysis of validation results for Programme II

in Papua/New Guinea was similar to that outlined for each of the

previoua validation studies. The results of this analysis are

presented in Fables 11/2-11/23, and those for the subsequent analysis

of relevant subdivisional skills are presented in Tables-11/24-11/28.

. The validation results for Programme II in Papua%New4GUinea were

generally consistent with those from previoup validation studies, and,

in fact were almost identical with those from the analogous Victorian

study outlined in Chapter VII, in that all of the postulated hierarchical

connections were accepted as valid at ohe of the specified null

hypothesis levels (see Figures 11.-11.7). rFor many individual tests,

however, the power was particularly low, catfbedtpartly by the

substantial degree of response inconsistentand,accentuated in some

cases by high difficulty levels for superordif)

these problems have alreedy been explained

mentioned in the other validation studies\

The difficulty levels in Pap.:a/New Guinea fpr,indiviaual elements
'Ar-7

incorporated in Programme II were generally ii*bis than those for

Both of

ter VI, and were also

Programme I, and in many cases the total number'of students who failed

a particular subordinate skill. was lower than the calculated critical

number cf 0/2 cell exceptions (see Tables 11/2(A) and (B), 11/11(B);

11/13-15, 11/19(8), 11/20(C) and 11/21(C)J, so that the relevant
O

hierarchical connection could not possibly be rejected, even at the

475
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absolute Ho level. In cases such as this the connection was

tentatively accepted as valid, although the calculation of statistical

power was by definition independent of the subordinate skill difficulty'

level, and therefore unrealistically"high. The same difference in

difficulty levels between corresponding elements in Programmes I and .

II was also reported for the previous Victorian studies (see Chapter

VII/Section 3), although the "results for simpler skills were.in'Ithese

studies generally less extreme, and so the problem of statistical

power outlined above was less apparent.

The subdivisional analysis results for Programme II in Papua/
C-

New Guinea were generally consistent with those for previous validation

'tudies, the most obvious exceptional case b4ing that foreleiTient 1/3
:.1

(see Tables 11/24(A) and 11/26(D)), in which the difficulty level was

much too low for effective discrimination between the postulated

subdivisional skills. The results for area 6 did not show any positive

discrimination, but were not in this respect entirely inconsistent

with analogous results from previous studies, which were often

inconclusive and internally inconsistent.

The results from this validation study serve both to substantiate

and to extend se...eral important conclusions derived from the previous

studies in Australia and Oaraa/New Guinea. In the first place they

reaffirm the existence (established earlier in Chapter X) of a common

hierarchical network of graphical interpretation skills for students

from very different cultural and educaticnal backgrounds, and secondly

re-establish the indeOndence of this hierarchy of intellectual skills

476



from the specific informational context within which the skills are

presented (see also Chapter VII/Section 3). It should be mentioned

in this respect, however, that these intellectual skills are defined

in purely operational terms, and incorpor te no conditions of

meaningful interpretation with respect to specific concepts such as

Time or Annual Birth-Rate. The calculation of a linear gradient, in

this context, for example, 'need not involve an understanding of its

'real scientific meaning as a constant rate of change in Annual Birth

Rate. This importanl:spect of meaningful interpretation with respect

.to intellectual skills will be examined more closely in Chapter XII,

together with a number of general implications arising from the various

local, interstate and overseas validation studies.

0
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TABLES 11/2-11/23

;Validation Results for Papua/New Guinea

4Programme II)

PRELIMINARY NOTES

1. The following iFesults are presented'in correlation matrix form,

.listing the number of-guestiodorrect for each element, and

the apiropriate marginal totals.

2. The Critical number of .exceptions/(C) permitted in the 0/2 cell /

'of therelevant correlation table is listed, together with the

appropkikte statistical power, for each of the,null hypothesis

levels defined in Chapter VI (see preliminary notes for Tables

6/4-6/25).

3. The classification code for each element is.outlined Tables

5/4-5/10, and'the relevant subdivi'sional conditions are presented

in Tables 6/4-6/25 (preliminary notes).

4

/
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N

(A)

ELEMENT

1/3-H.

2

0

T

TABLE 11/2

ELEMEMT . 1/2-H

0 1 2 T

'4 6 173 18

1 .0 5* 6

1 -0 1" 2

6 6 179 191

fid POWER

0.00 3 0.9999

0.01

0.02

0.9923

11 o.s855,
O

-

".. 467

CONCLUSION The postulated ConnectlOnis accepted as valid at .

the absolhte Ho level, idthough.the'power is unrealisticall'

B)

LEMENT

t
1/3-V -0

!

tONC6JS ION

the absolute

(C)

2

ELEMENT
1

1/2-V.

ELEMENT

0' 1

1/2-V

1843 11 170'

0

2

1 2 3

0 2 4

T 5 12, 174 191

0

The postulated

Ho POWER:-

o.00

0.01

.0.02 ,

6

9

1

019764

C.8377

0.6450

connection is accepted as valid at

Ho level, although the power is unrealistically hic11.

ELEMENT 1(g(E) :-V/S

0 1 2

27 15 132 rm
3 2 12

2 3 5

'T 32 17 142 191

2
1

4

CONCLUSION the postulated, connection

the abtolute,Ho level.

f.

Ho C POWER

0.00 3 0./9996

0.1.01 7 0.9678

.0.02 l0 '0.8144

is accepted as valid at

7 479



O

o

TABLE 11/3

ELEMENT 41.(A)-}vs

2

ELEMENT
1

1/1 (B)-V/S
$ .0

T

0 1 2 T'

135. 142

5 12 0 17

26 6 0, 32

35 ..21 135 191

.

.

C. Ho L. POWERi

-. 0.00 8 0.9587

0.01 10 64677

0:02 l 13 0.51983

468

t CONCLUSION he postulated 'Connection is *4tcepted ,as, valid lat

t the absolute 11 " I
;

(B)

t

ELEMENT
1

1/2-V

T
1

ELEMENT A./]. (A.) -Ws

0 1 2 T

29 19 1 126 174

4 1 12

1 2 5

-j5 21 1'35 191

CONCLUSION The postulated connection is

the absolute -Ho level.
a

H(C) ELEMENT 171.00-His

,0 1 2 T

7
2 31 20 128 179

ELEMENT
1 3 0 3 6

1/2-H
0. 1 1 4 6:

T 35 21 135 191

Ho C 1PQWER

0. 01

4 0.9967

0. 02'

0.9482

10 0:7462

accepted. as .valid at

Ho

0.00

0.01

POWER

3 0.9991

7 . 0.9416

0.02 10' 0.7425

CONCLUSION The postulated. connection is accepted as valid at..

tho --stecond (0:01) Ho revel, dlthough the power, at this level .is

UlT ea 3.Thc,ally

I AI
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ELEMENT

1/2-H
0

T

TABLE 11/4

ELEMEI"T 1/1(3)-}vs

0 1 2 T

-15' -150-

1 -1 4 6

2 1 3 6

18 16 157. 191

Ho POWER

0.00

- 0.01

0.02

0.991

8 0.9575

-11- 0.7898

CONCLUSION The postulated connection is accepted -.as valid at

the absolute Ho level.

(B)

V ,

ELEMENT .1/1 (A)-v/s-

0 1 2' T

2 6 150 157

ELEMENT
1 5 :11 0 16

1/1(H)-H/S
0 16. 2

,J

0 18

T. 22 19' 150 191

HO C POWER

0.00

0.01

0.02

0.9709

10 0.8997

13' 0.6623

CONCLUSION The postulated connection is accepted as' valid at

the absolute Ho level.

2

ELEMENT

1/2 -1!

. 0.

ELEMENT 1 /1(A) -v /s

0 1 2 "T

18 17 144 ,.179

2 0 4 6

2 2 2 6

T 22 19 150 191

Ho C POWER

0.00

0.01

0.02

4 0.9985

8 0.9399

10 0.8235

CONCLUSION The postulated connection is accepted as valid at

'the absolute'Ho level..
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(A)

ELEMENT

TABLE',11/5

2

0

T

ELEMENT 1/100-v/s
0 1 2 T

19 18 137 174

0..00

2 0 3 5 0.01

22 19 "150 191 0.02 10

POWER

0.9985

0.9402

0.8241

-CM-CUB ION The postulated connection is accepted as ir,alid at

the abSolute Ho level.

(B)

ELEMENT
1

1/2-V
0

ELEMENT- (B)-17/C

0 1 2 T

13 10 151

3

2

9

T 18

174

12

5

11' 162 191

Ho

0.00

0.01

0.02

C POWER

4 0.9996

8 0.9769

11 1 0.8616

CONCLUSION The postulated connection is accepted .as valid at

the abSolute Ho level.

(C)

ELEMENT

1/1 (B) -V/C

2

ELEMENT 1/1 (A) -H/c

0 1 2 t
C POWER3 7. 152 162 Ho

1 4 7 0 11 0. 00 5 0.9983

0 i8 0 18 0.01 9 0.9462

T 25 14 152
0.02

191 11 0.8443

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

0 1.1

L./10 <.1



(A)

ELEMENT

1.1?-v

/ ,

TABLE: 11/6-

2.

0

T

ELEMENT 1/1(A)-H/C

0 1 2

19 14.. 141 1:74

0 9 / 12

3 5

25. 14 152 191

Ho

0.00

C POWER.

0.9992'

0.01

0.02

7 0.9818

10 0.8745

-CONCLUSION The postulated_ COnrieCtion is accepted as valid at

the absolute Ho level.

E LEMENT_ _1/1_(A) -H/C

0 1 T

2

ELEMENT
1

1/2-H.
0

22 11 146 179

0 2 4

. 3

6

6

T . 25 14 152 191

'Mt Ho C POWER

0.,06

04-01

3 0.9998

7 0.9811

.0.02 0.8712

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level.

(C) E LEMENT 1/1 (3) -H/c

0

2

ELEMENT
1

1 /2 -H

0

T

2 T

15. 1 '163

,o

-179 Ho

1 4 6 0.00

2 '0 4° 6' .
0.01

18 2 171 191 .

0.02 11

POWER

1.0000

0:9962

0.9285

CONCLUSION The postulated connection is accepted aslialid at

the second (0.0) Ho level, although the power at this level is

unrealistically high. °

4.83
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(A)

2

ELEMENT

1/11B)-wc
0

T

TABLE 11/7

ELEMENT 1/1(A)=-V/C

0\ 1 2 T

8 2 161 171

0' 2 0 2

16 18

24- \6 161 191
.

CONCLUSION The postulated connection is

the absolute Ho level\.

(B)
.,

.r /

ELEMENT,

1/4-H
0

ELEMENT \ 1/1(A)-wc

0 1 \2 T

179 Ho C POWER

0.00

Ho

0.00

0.01

0.02

POWER

0.9999

-0.9926

0.8881

accepted as valid at

21 5
I .

153

1 1

2

6

24 6
.

161 .191

CONCLUSION The postulated Connection is
.\

hie second (0.01) Ho level, ';although the power at' -this level is

. 2 1.0000

0.01 0.9920

0.'02 10 0.9305

accepted as valid at

/-
/ unrealistically high.

(C) ELEMENT

0

2

ELEMENT
1

1/2-V
:16

1

1/1(A)-v/c

2 - T

19 149

3 0 9

-174

12

52 0 3

T 24 6 161 191

t

CONCLUSION The postulated connection. is

the absolute Ho level.

484

Ho C POWER

0.00

0.01

0.02

3 0.9999

7 0.9926

11 0.8878

accepted as va1ia-at

0'



(A)

.ELEMENT

1/1(A)-H/S

TABLE 11/8

ELEMEKT 2/1:(A) -H/P

0 1 2 T

Ho C 1POWER2 12 8' 115 135

0

T

13 0 0.00 7 0..9773

17, 8 10, 35_ 0.01 10 8539

42 16' 133. 191 0.02 12 0.6796

CONCLUSION The postulated connection is accepted as

the second (0.01). HO level, although tile power at thiS

relatively low.

ELEMENT .

1

1 /1(B)" -V/S

T

valid at

level is

ELEMENT 2/1(A)-ii/P

p :1 2 T

13 10 POWER119 142 Ho

11, 17. C:00
-11

6 0.9882

18 5 9 32 0.01 9 0.8993

42 16 133 .191 '0 02 11 0.7494

CONCLUSION The postulated connection is accepted as valid at..

the second (0.01) Holeve1,_although the power at this level is

relatively low.

(C)

2

ELEMENT
1

1 /1(A)-H /S"0

ELEMENT 2/1 (B).-H/s

0 1 -2' T

20. 14 101 135

5 .7 21..

.19 13 3 -35

T 48. 32 111 lal

Ho,. C POWER

0.00.

6.01

0.02

0.8120

'11 0.'6061

0.3768

CONCLUSION ,The postulated connection is accepted as valid

the absolute Ho level, although the power is relatively low.
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(A)

2

ELEMENT
1

1/1(B)-V/S

0

..

ELEMEMT

. \-1

TABLE 11/9

2/1(B)-H/S

2 T

22' 17 103

4 6

19 11 - 2

142

17

32

T 48. 32 111. -191

.

Ho

474

OWER

0.00 8 .0.865

0.01

0.02

10 -0.6798

12 . 0.4465

CONCLUSION epostulated connection is.acbepeclas valid

the absalute'Ho level; although the power le relatively low.

(B)

ELEMENT

111(A) -H/S

T

ELEMENT 2/1(B)-H/P.

0 1 2 T

24 18_ '93 135

13' 4 21'

24' 8 -35

61 25 105 191'

at

0.00

0.01

0.02

7 1,0.8897

9, 0.7114-

11 0.4730

CONCLUSION The postulated connection is acCepted.as,valid at

the second (0.01) Ho,level, although the power at this level is

relatively 1*,

(C)

ELEMENT

1/1(B)-V/S'

. ELEMENT 2/1(B)-H/P

0 1 2 T

2 26 20' 96 142 Ho C POWER

1 3.0 4 3 17 0.00 6 0.9335

0 25 1 32 0.01 0.7898

T 61 25 *105. 1.91
0.02 10 0.5630

CONCLUSION .The postulated connection is accepted as valid at
4

the absolute Ho level.

S.

z-1 8 6



. 2

ELEMENT 1
1/2-V

T

TABLE 11/10N

ELEMEMT 3/21A) -max .

0 1 2 T

. 29 45 102 176

4- 2 6

4 3

3 53 107 0191

,
CONCLUSION The poStulated 6orinection is accepted as valid- at

D

Ho:

0.00

0.01

0.02

POWER

0.4885

9 0.3550

10 0.2409

thc° absolute Ho level, although the poWer is particularly low.

(B)
ELEMENT 3/2 my-max.

T0 1 2

2 25 43_ 100- 168

. ELEMEAT
. . b

i°
1- . 1 4 4 9

1/1(A)-V/C '
0 5 _6 _ 3 _,14:

,.'

T 31-- 53 107 191

475

C110 'POWER

O

In 00 10 0.3730

0.01 11 0.2611

0.02 :12 . 0.1717

CON CLUS ION The pdstuiated connection is- accepted as valid At

the absolute Ho level, although the power is particularly low.

'(C)
ELEMENT 3/2 (A) -Min

1-- 0 1 2 T

2 34 37 105 176

ELEMENT
1. 1 5 6

1/2--V

0 2 3 9

T 36 .42 113 191'
O

0. 0 "0

0.01

0.02

POWER

,6 0.8735

8 0.6676

10 0.4106

CONCLUSION The postulated connection is accepted as valid dt

the absolute Ho level, although the power is relatively low.



2

ELEMENT

1 /1 (A) -wc
.0

T

TABLE 11/11

ELEMENT 3/2 (A) -Min.

0 1 2' T

29 35 104 lt8 Ho

2 5 9 0.0-0 8

5 5' -14 0.61 9

36 42 113 191 0.02 Tl

POWER

0.7439

0:3791

CONCLUSION The postulated connection is'accepted as%yalid at

the-absolute Ho.level, althdugh the power is, relatively low.

2

0

T

ELEMENT 3/1

0. 1 2. T

59 87 Qt: 176 Ho

0- '10
,o.00

3 2 5. 0.01 ;5

64 3b 191 0.02 5

POWER

CONCLUSION The postulated Connection is accepted as valid at

-the absolute Ho level, although the power is extremely;low.

2

-ELEMENT
1

3/2(A)-Max.

T

ELEMENT 3/1

0- 1 2 T

27 50 21' 107 Ho

20 25 8 53=
0.00

17 1 .31 0.01 14

" 97' 30 191 0.02 14

POWER

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho'level, although the'pewer is extremely low.
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6,
,(A)

ELEMENT

. 3/2(A)-Min.

.

ELEMEMT b5/1

.0 1 2

4 .

TABLE 11/12

IlkT

2 "35 59 19' 111

.

4- '15 I 21, 42

0 14 17 36

'97 30 191

.

ONCE-016N The postult(ML,..connectionls_-accepted as valid:at.

t.he absolute-Ho-level, although th-e_power is extremely low.

Ho POWER

0.00

0.01

0.02

16

161

C,.

ELEMENT 1/2-V, (Retest)

0

:/ 7. 162 174

ELEMENT.,
10 , 12' .00

1/27v
0 0 5

T 6 176 191 0..02 11

POWER.

0.9999

0.9894

0.9209

CONCLUSION This element was not acquired by any significant

proportion of student in the process of attempting more complex

(C) ELEMENT '1/1(A)-V (Retest)

0 1 2 T.

2

ELEMENT
1-

T/160-v
,,

0

1 155 161

'1 1 6

12-

T 14. .9

3 9 24

168 191

Ho C POWER

O. od.

0.01

7 0.9963

10 0.9609

13 0.8203

CONCLUSION This element wasnot acquired by any significant

proportion of students in the:process of attempting more complex
, .

dpabilities.

489

0



TABLE11/13

ELEMEtiT '

T

2

ELEMENT
1

4/3

0

T

0 1. 2

7: 169
I

0 0 6

0 2 1

8 7.r 176

184

6

POWER

2 f 1.0000

7 0.9919

(2.9300

CONCLUSION The postulated connection is accepted as valid

dt theabsolute Ho leVel, aithoUgh the powe'r is untealistidally

- high.

(R)

ELEMENT

4/3

0

ELEMENT: 4/2-v .

:0-7-- 1 2 T-

\ 6

0

169 18e

6

b. *.1 1

T 9 176 191

POWER 1.

0.0.0

0.02

1.0000
a

PA944

10-

CONCLUSION The postulated connection is accepted as valid

at the absolute Ho level, although the power unrealistically
-

high. ,

(C) ELEMENT 4/2-H

0. L 2.

2
ELEMENT

1
1 /3 -H

0

-T

7 73

T

197

0 2 2

0 2

7 176 191-

OWED

3 0.9999

_0.9922

10. 0.9319

4 ..

CONCLUSION The postulated connection is accepted :as valid

at the absqlute Ho leVel,,Iltbough the power as unrealistic;lly

high.
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,gLgAENT.

1/i-V

9
.

ELEMEtire 4/24

TABIX 11-/14

0, 1 2 T

8 -174 188

0 2 '2
41,

1

6 .176 .191

Ho

0.00

:POWER
4 a

2

0.01 7

1.0000
.

0.9942

1°0.02 . 10 0.9453

CON CIUSI ON- The' postulated connection is accepted as valid at
' "the absolute Ho level, alihbugh the power is unrealistically high.

:;

ELEMENT

4/2-H
0

T

ELEMENT 4/1-H

0 r T"

4 35 137'1 176

0 0 7

8

, 8 36 147 1915'

CONCLUSION The pOstuiatedconhec*tion' is accepted as valid at

Ole absolute -.Ho level, although the-power extremely 'low.

Ho

0.00

4.01

0.02

POWER

11 0.2330

12- 0.1497

13 0.0903

(C) ELEMENT 4/1-1/..

0 . 1 2 T

2
. 'ELEMENT

1,
4/2-V

0

2 13 161 176

0

3

1 5

3 - 3 9

T 5 17 169 191

The postulated connection is accepted as valid at

Ho level, although the-Powet is particularly ,low.

CONCLUSION

.the absolute

Ho

0:00

C 'POWER'

11 01'6456

0`.0 13 0.4178

D.02 14-- 0.3127
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(A)

TABLE 11/15
-

- . -EILEMEMT 4/1-H

0 -'1 2
-

-2 6 142

ELEMENT

.34

1 2

142-H
. , 0' 2' 1 3

s
T 8 36 147

aro

6

T

182 -

3

6

1' 1991-

Ho C POWER

0:00

0.01

0.02

16 0.2245

11 0.1401

0:0817

CONCLUSION The PoStulated connection is accepted as'valid. at

the absolute Ho level,, lthough the powe'is extremely loss.
c.

(B):

2

_ELEMENT

1/2 -1
0

, EL

if

CONCLUSION

the absolute

. ELEMENT

5/4(A)

MENT -4/1-V .

2 T.,

[

''.0., 16 139

.1' -26

, .

540-

6

'158

'1 .28 '

1

`5 17 169' 1904i t.
.

The postulated connection

Ho POwLR

0.00

0.02

9, 0 5417

0.5263,

12. 0.4082

is accepted as valid

Ho level, although the power is relatively low.

at

:480

1

0

T

ELEMENT 5/3 (A)

0 1 2 T

POWER

1
S

c

6 7 171 184 Ho

0- 2 2
0.0 0 4 0.9998

4' 5. :8 0.9833

177%
0.02

.191 I 11 0.8902

_CONCLUSION The postulated connection
r

the absolute Ho level.

is accepted as valid at



ELEMENT
5/3 (A)

ELEMENT 5/-2'(A)

0 '1,, 2' T

.137* 13 7 177

7
-,"

6 6 1 7

T 15o' 14 27 ,191.

Alp(*,

'POWER

3 1-0.2821

1 0.7508

4 0.1335

toNcLutiON- The postulated connect n is *accepted _a valid at

the_abioltAte .Ho -level, although .the po ez is relatively
.;

ELEM

4/1-H

.

ELEMENT :5/2

0 1 2 'T

109. 12 24. '145 . . Ho POWER

2 18
-

0.00' 2 0.531815

26 1

.

28 0. 01 4 0.1509

150 14 N27 , 191 '0.62 5 0.0637

-CONCLUSION 1-11(he postulatea connection, is accepted as valid at

the absolpte Ho level, although the power is particularly low.

(C)

2

ELEMENT
1

4/1-V

0

ELEMENT 5/2 (A)

0 1 2 T

1'54'115 13 26

15 0 I ;0 15

20,, ...1 1 22

T 150 14 1 27 1'191

Ho' 'POWER

0:0 0

0.01

0. 02

2 0.5217

0.2982

4 0.1444

CONCLUS I ON The postulated connection is accepted as valid -at

the absolute*Ho level, although the power. is particularly low.
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es

11/13;

_ _ELEMetl_T 5/2(B)

2- T

ELEMENT
1

0 1

10 5

12 3
5/3 (B)

'45 5

T 67 13 1

94 109

161 31

1 51

111 191

:Hu POWER-

0.00

0.01

0:1)2

0:9025.

10 0.7465

0.5267

CONCLUSION The postulAed connection.is accepted as valid at

the absolute Ho 17e1.

(B)

ELEMENT

1/1(B)-y1/C

0

ELEMENT 5/2 (B)

0 1 2

S

58 12 1b5. I

T

1'75-

6 9

6 1

T 67 .13 111 [ 191

CONCLUSION The pbstuiated connection is

the absolut Ho, level.

?

(C) ELEMENT

0 1

2

ELEMENT

5/2(B)

0

72 29 10

_12 1:3

55 11 1 67

T 139 41

Ho POWER

0.00

0.01

0.02

2 0.9991

0.9300

8 (L:7819

accepted as valid at

Ho C POWER

0.00 0.0034

0.01 6

0.02 6

0.0034

0.1)034

CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely low.
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TABLE 11-/-18

(A) ELEMENT 5/1

0 1 2 T

ELEMENT

5/2 (A)

0

12

11

-'26

7 21

116 ,25 3 144

T 139, 41- -11 191

toNcLus I ON The pcietill"didonnection is accepted as valid it

the. absolute Ho!ilevei, although the power is extremely low:

(B)

ELEMENT

4/1-H-

1

0

T

ELEMENT. 4/1-H (Retest)

0 2 T

-17 15 115 147

3 29- 36-

7- 0 1 8

18 145 191

POWER

:483

0,9725

0.8437

13 0: 6714

CONCLUS I ON- This skill was not acquired by any-significant

'proportion of students in the process of attempting more cciMplex

capabilities?.

( C)

ELEMENT 2
1

4/1-V

0

T

ELEMENT 471-V (Retest)

0 1 2 T

14 11 144 169

4 4 9 17

1 5

22 15 154 - 191

Ho C POWER

0.00

0.01

0.02

0.9993

.8 0.9637

11 0.8109

. .
CONCLUSION This skill was Inilte acquire&by. any significant

proportion of students in the process of attempting more complex

capabilities. 4195



(A)

2

ELEMENT
1

5/2 (A)

0

"TABLE 11/19

ELEMOIT 5/2 (A) (Retest)

.6 '1 2 T

;7 1 19

6 6"

131 18

-27

14'

1.
150

T :144 = 21 26 1191
/ .

CONCLUSION: This skill was not acquired by an significant

proportion of, students in the process of attempting more complex

capabilities.

--- Ho

0.00

0.02

0.0593

0.0252

0.0252

(B)

-/

ELEMENT:- 1

A/51B)
.0

T

ELEMENT _6/4 (B)

1 2-T

0.00

0.01

0.02

7

10

0.9998

0.9807 .

0.8694

.CONCLUSION The postulated connection is- accepted , as validat

the absolute Ho level ,, although the Power is unrealistiCally

high.

(C) ELEMENT 6/3 (B)

" 6 1 2'

2 58 10 115

ELEMENT
1 4 0 1

6/4 (B)

.0 1 1 1

T 63 11 117

T

5

3

191

Ho

0.00'

0.01

0.02

t
CONCLUSION The postulated ?onnection is accepted

the absolute Ho level.
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2

6

POWER

0.9994

0.9486

0.7302

as valid at



.(A)

ELEMENT

6/3(B)

TABLE 11/20

ELEMENT

T

2 18/. 16 50 84

.10 18

0 4 2 89

T 109 30 52 191.

Ho C TOWER.

0.3465

0.2220

0.1309

CONCLUSION The-postulated connection is accepted as Valid at .

the-absolUte,Ho-leVel, aithougirthe.power is particularly low.

(B) ELEMENT 6/2 -s
7

"
1 2

0 i 47 .15 52 114

:ELEMENT'

6 /3(A) -S
, .1- 18 15 0 33

0 44 0 0 44;

T 109 30 -52 191

0

0.01

0.02

485

POWER*

0.2925

0.1789

0.1004,

_CONCLUSION_ The postulated connection is accepted.as_valid at

thd absolute Ho level, although the power is extremely low.

2

ELEMENT
1

6/5(B)
-0

ELEMENT 6/2-s

0 1 2 T

94 30 :41)

14 0 3

173 Ho

17

1

191

1 0 0

T 109 30 52

C POWER

0.00

0.01

0.02

2 0.8814

4 0.5676

6 0.2406

. CONCLUSION The postulated connection is accepted as valid at

the absolute Ho level, although the power is relatively low.

2



(A)

ELEMENT

' 6/3 (B)

TABLE 11/21

.ELEMEMT" 6/27C

0 1 2 T r,

0

T

25 11 59 95 Ho

4 9

86 87 0.01 6

116 15 60 191 6:02

POWER

0.7649

0.4522

,_0.3052

CONCLUSION The postulated connection is accepted:saS valid at

the absplilte Ho level, although the pOwer is relatively low.

(B)

ELEMENT 1

6/3(A)-C
0

T

ELEMENT- 6)2 -C

0 1 2 T
43

18

55

. 60'

0

1l6t 15 60 191

109.

27

55

0 .

8

0.01

0..02

I

'POWER

0.6748

'0.3680

CONCLUSION; The postulated connection is accepted as valid-at

. the absolute 'Ho level, although the power is relatively low.

(C)

- ELEMENT

66/5.(B)

.

ELEMENT 6/2-C

0 1 2 T

2 102 57 173 Ho C POWER

1 13 1. 3 17 0.00 2 0.9430

0
1 1 0.01 5 0.5651

T 116 . 15 60i 191
0.02 6 0.4019

CONCLUSION the postulated connection is accepted as valid at

-t'he absolute Ho lev.el.
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(A)

'ELEMENT

-0/2s

TABLE-11/22

ELEMEMT 6/1-H/S

0' 1 'T

33 32'

1 30

107 2 109k

j 161 14 1.6_7: 191

Ho POWER

M1

0.00

.0.01

0.02 6

-

0-0126

CONCLUS_IO- The postulated connection is Aceepted, as valicV at
,

.

the.-absolutelio althdugh the-Tower is extremely low.

(B)

.ELEMENT,

6/i-c
0

't 163

ELEMENT 6/1-H/C

0 1 2 T

60,

15

116

37 6
.12

114 1

9 .19 " 191

r

POWER

) 3 0.1i57

0.0692

5 0.0232

coritLu Ia.N The postulated connection is accepted as valid at

the absolute Ho level, although the power is extremely, low.

(C) ELEMENT 6/1-}vs

0 1 , 2; T

2' 142 14 15 71
ELEMENT

1 /1(3)-H/S 1 10 1 11

0 99, 0 0

"r 161 14 16 191

CONCLUSION The, postulated connection is accepted as valid at

Ho POWER '

0.00

0.01

\ 0. 02

0.4746

3 0.0775

*0707-75-

. the absolute Ho level., although the power is particularly low.

499



(A)

TABL.-11/23

ELEMEt'T 6 /1 -H/c

2

0 1 2 .'T

-154 19 Ho

ELEMENT
2 0. 2 o.00

1/i(1) -x/c

: 0 7 0 7 -. 0.03_

T -19- 1.91 0.02

POWER'

()5652.

0.0230_

0.0230:

CONCLUSION__ The-postulated connection is accepted as valid at

the. absolute Ho leVel, although the power is particularly low.

(B)

4 .

7.-

2

ELEMENT

6/3-(C)

T.

ELEMENT 6/2-$

2-

42 52 10i3 THo

22 6 38 o;o6

0

30 52 0.02 9

POWER

0.3364

0.2138

0.1250-

CONCLUSION. .The postulated connection is accepted as valid-a

the absolute Ho level, aiihough-the power is_particularlylow.---.
.

7'1
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2
ELEMENT

,.
6/3(C)

1

. 0

ELEMENT 6/2-C

0 2

36 5 60

23 10

101

33

0 0 57

I 116 15 60 191

CONCLUSION

HO POWER

0.00 6

0.0 1.

0.02

0.5818.

9

r0.2942

0.1858

The postulated connection is accepted as valid at

the)a6solute Ho level, although the power is particularly low:,
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TABLES 11/24-11/28.

Subcivisional Analysis Results foe Papua /New Guinea

(Programme ITv

-PRELIMINARY NOTES,

11469

Ar"4 . .7-.-'

. The following results are presented in correlation Matrix fom,

listing, the nuMbeeof-guestions correct for:each element; and
,

the appropriate'- marginal totals._

2 Theclassification2code for each _eieffientiS-Outline4-in Tables-
.

_

5/45/10-, and d_llst-of the-relevanttubdivisional gueStion.

groups- -is; presented in Table 6/2.

3. _P represents the. combiried, probability that the observed number

-of students inthe-0/2 and 2/0 cells could. have occurred
_ .

throughlchande (or errors of, measurement) under the null

'hypothesis that no -one can-p6SseSs-only one of the .relevant
. a

subdivisional skills Withoutalsb having the other.

N

a .

a



GROUP 2

(A) 0, "1

2

:.GROUP
1

1 -

0-

TABLE 11/24

2 181 183.

1 6

0 -2

T 4 3 184 191

ELEMENT 1/3

TEST ivy (positibn).

P 0:3038. 0

CONCLUSION Question groups

1 and.2'represent the same

-SUbliVidional skill.

(C)

2

GR6UP,
GROUP 2

0 1 T

1J 137 157

9 5 .2 16

0 14 1 18

T 32 , 17 142 191

ELEMENT 1/1 (B)

V

TEST H/V (Co-ordinates)

P 0.0000

-CONCLUSION Question groups

1 and 2 represeht4d4ferent \-

'suLdivisional skills .r

0,*

.

GROUP 2

". (0 0 1 2 T

.2

GROUP
1

1 '

o-

11 164 179

1 6

0

T 5 12 174 91

ELEMENT 1/2

TEST H/V 1CO-ordinates)

.P = a. o000

CONCLUSION _Question groups.

1 and 2 represent different.

subdivisional Skills:

(D)

2
GROUP

1-

0

GROUP 3

0 1 2 T

413.
57 157

2 10 16,,

14 ..0 4 18

T I la 2 171 191

ELEMENT 1 /1(s)

TEST\ Straight Line/Curve

P "-:= 0.0005

CONCLUSION Question groups

and 3,repreSent different

.subdivisional skills.

o
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TABLE. 11/25

(A)

2

GROUP .
1

0.

T

'ELEMENT

GROUP 4

0 1 T

4 137. 142

2 4-1,f '1.7;-----

16 5
,

32..

18

1/1(3):

11 162- 191

'TEST ,..Straight Line/Curve

'0.0090

-CON CLUS 1.0r" Question groupS,

4A2101 4 represent different

subdiviSional"tkilli.

GROUP

0 .11 CO

2 6 127 135

GROUP.
1 6 .2 13 21

0 17 6 12 *35

T . 25. 14 152 191

.

ELEMENT 11.1(A

TEST Straight. Line/Curve

P = 0.0000
.

CONCLUSION Question groups

1 and 3 represent' dif ferent

subdivisional skills.

°

(B)

---2

GROUP

° 1.

GROUP

0 1

i'

491". .

2

6 125 135

12 21

15 35
.

22 19. 150 191

ELEMENT 1/1K

TEST' -(Co-'ordinates)-

0.0000

CONCLUSION Question groupt,

1 and '2 -represent different

_ subd iifiSiAal 'skills.
_

(D).

2

GROUP
1

0

GROUP 4

\(5-
2

.150

1

14 3

12

5

19

22

T 24 6 .161 191

ELEMENT 1/1(A)

TEST , Straight Line/Curve.

P = o.0000

CONCLUSION Queption groups

2 and 4 represent different -

subdivisional skills.

. r-fiq
ttUti
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TABLE 11/26
492

(A)

GROUP 2/1(B) -2

0 1 2 14 (B)

GROUP 2

0 1 T

Z 21 20 92 133 2 10 15 86, 111

:GROUP
1 16

GROUP.
1 = 12 6.14 32

w1(A) -1 . ,
0 31= 6 .42 0 39 4 .5 '48

T: 61 '25 14 191' T 61 25 105 191 'a

-.E_LEMENT 271.-(M-2/1*

TEST Interpolation/Extrapolaticin

-P = (Loom

CONCLUSiON Elements 2/1(A).

and 2/1(B) represent. different

AtilS

(0
GROUP 2

ELEMENT 3/2 (A)

-TEST Max./Min.

P 0.0133

CONCLUS ION

Values

QueiLah-groups_._.

1 and 2 probably represent the

same subdiVisional skill.

:ELtmgNt 2/.1113)

TEST Line/Points

P = o.0000

CONCLUS I:ON -Question' groups

1 and .2'2.4resent different

Subdivisionar-skills,

(D)-

- 2

GROUP
'... 1

1

0

T

GROUP 2

0_ .1 2 _ .T-

0 2 185

A
0 '0 2

0 2

,1911 2!188

ELEMENT 1/3 (Retest)

TEST '1i/V (Position)

P = 0.1651

CONCLUSION Question groups

i and 2 represent the same=

subdivikonal skill.



(A)

2

_GROUP'

1.

Q,

TABLE 11/27
.

-GROUP

0 1

2. ;152 182.

3 `3

3

T .5 .28-58 191

1LEMENT 1/2 (Retest)

TEST" WA, (CO-Ordinates)

P = 0.0006 .

. .,

.:CONCLUSION Question groups

! 1 and 2 represent different

subdivisional

2

GROUP
1

0

. ,

GROUP
. .

-0-

.0

11 135

T-

147

.36..5 31

. 4.

ELEMENT 47.1

3 8

17 169 191

TEST H/V (Displacement)

p = 0.0951

CONCLUSION. 'Question groups

1 and 2 relSiesen\ihe same

subdivisional skill.

GROUP' 2

(B) .0 1 2

2

GROUP
1

0
as

3 lit 176

7

8

ELEMENT 4/2

TEST

3.76- 191

1 *

1/1.7 (Displacement)

P = 0,6020

.CONCLUSI,ON Question groups

1 and-2'represent different .

subdivisional'skills.

(D)

GROUP
1

0

T

GROUP -3

1 0
:.

170 17t

1 10 11

2 2

... y

'9'

2 182 191

ELEMENT 1 /1(B) '(iletest)

TEST Straight Line/Curve

p = 0.0003

CONCLUSION Question. groups

1 and 3 represght different

subdivisional skills. k.
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C

:

0.

(A)

2

GROUP
'1

0

,c

GROUP 2

0' 1

1 15

0 1"

1

T 1 17

TABLE 12/.28

GROUP, 2

5

2 T (B) a I 2

`186 2 6 18; 90 114

GROUP
1 10 5 .18. "33

a.
0* 1 0 39 4 1 -44

173 191 T I 27 =1.09-_191

=PLEMOT .6/5 (8)

TEST :Numerical :Lange

p,.= 0.3248

.CONCLUSION Question groups

1 and 2 representtheisame

subdivisional skill.

(0'
2.

,GROUP

1
1

0
T

GROUP 2

0 1, 2

6 43

12

101

16

1

116

ELEMENT 6/2

'T

15 60

g LEMENT, 6/3 (A).

TEST Straight Line/Curve

.0u88

CONCLUSION Question groups

1 ,and 2 may represent the same

subdiVisicnal skill.

494

T
(D)

GROUP 2

0- 1

'52' 0 16 :
GROUP

30 1 5 14.

109 'O 158 1 161

-191 tr 163 19 191

E LEMENT 6/1

EST Straight Line/Curve
, .

.0 =. 0.0377

CON dLUS ION. Question groups.

.1 and .2 probably represent the

samesubdivisicndl skill.

TEST Straight Line/Curve
.

P = 0.1759

CONCLUSION Question group.;

1 and 2 represent the,:same.

subdivisional skill.

.
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a.
FIGURES .11.2 -11.7-

Outline of the 'Validated Learning Hierarchy for Papua/New Guinea

PRELIMINARY NOTES

(Progrmmv TT)

C

I. The classification code for each basic skill is outlined in

Tables 5/4-5/10; and abbreviations used for the relevant

suipdivisiOnal conditions are listed in the preliminary notes

=fot Tables 6/4 -6/25. .

14nei repteSenting hierarchical Connections

-accoiding:to the following key,
7

A

.

,

a
10

are, classified

COnne4idn accepted-as-valid-at the absolute

Ho level ;
'.

Connection accepted as valid at weaker,,

(0.01 and 0,02) Ho Levels.-

Connection rejected as invalic.at all three

. . -specif ied Ho levels.

o

I
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FIGURE 11.3
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FIGURE 11.4
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3/2(B)
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1. Introduction and Theoretical Perkbective

Apart from substantiating the postulated sequence of graphical

interpretation skills ( with,. occasional, - outlined in

Chapters VI-XI), the results of these validation studies have produced

amUmber of important conclusions and general implications related
. .

to various aspects and conditions of hierarchical learning,, In

addition these results have alSo served to clarify certain basic-

definitions, and it may be useful to re-examine these in retrospect

-
as-a basiS for more definitive integration of the various- conclusions

and implications with Gagne's (1965).theoretical model,and-withother

relevant findings from previous research.

It was explained in Chaptni I that Gagne's model of hierarchical

learning, although initially. proposed to cover in the same zense all

categories of learning behaviour (Gagne 19.6s), was later qualifiedo

to account for certain fundamental differenceS between intellectual

..abilities or skills and elements of verbalised knowledge (Gagne'1968 -.

Intellectual skills were subsequently described as general groups or

c
classes of logically similar tasks, and defined in terms of basic

operational characteristics. Thus an instruction to-calculate the

position of a specific point, on_a_twordimensional-grid -(erienetit, -1/2

in the postulated learning hierarchy)-'could be used to describe a number

if individual or specific tasks, each referring to a different

Co-ordinate point, but all involving the.same set of procedural steps.

In contrast with this type of generalised skill, elements of verbalised

knowledge (for example that A.B.R. represents Annual Birth Rate, ancl

that Time is measured in years - see Programme II in Volume III) were

Clot.
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. :1

-defined as single or specific interpretative tasks.

l*earning hierarchy was shown in Chapter IV to incorporate a numb

Each-of the basic intellectual abilities from the postulated

r

Ofidifferont subdivisional skills, more limited in scope of application,

hdtsimilarly defined, in procedural terms. The delinPaltiOn of each,

subdivisional skill, which was determined by the practical limits of

immediate- lateralediatelateral trantfer from one sub-set of tasks to another, was

initially proposed on logical grounds, and subsequently confirthedhy

-64iricai analysis. .Thut the former intellectual skill of two-

.
.

diffiensional co- ordinate location (element 1/2, previously detignated ',.._,,

1 /1) was shown in Chapter /V to involve different subdivisional skilli

[.i

for.Horizontal and Vertical position, for integral and rational humbers,

,i

an'sl.for positive and negative 'numerical sign.
t!

: .

The operational definitions outlined above for both basic
t

....in'tellectual and subdivisional skills can now be used to elaborate in

1 .

practical terms on GagnCs (1965). general model of hierarchical learning.
.-

Thit model, as explained in_Chapter I, is 'based on tertical or
.

.

sequential learning transfer, and suggests that any complex intellectual

skill may be systematically resolved_to -produce --a comprehensive set of

logically related and progressively simpler skills, hierarchically

organised so that each in turn is dependent on the mastery (and recall)

of a speCified set of pverequisite or subordinate skills. However

the extent to which a particular skill is theoretically dependent on

its specified subordinates is not a matter of, universal agreement.

White (1971) maintains that.the relationship is. absolute, and comments
).

-

on the "premature" weakening in Gagnd's own position (see White 1971/p.327)-:

/-,

515
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.
'from an absolute relationship to one involving an unspecified but

"substantial aimunt'of positive transfer" (Gagne 1968). It was

suggested in Chapter VI, however, that the latter position was

probably more realiStice,in that it allowed some - flexibility for

fndividual background' differences and alternative learning pathways,

although statistical information consistent with both absolute and '
, .

weaker positions was prOvided for each of these validation studies.

Although there seems to be some disagreement on the extent of

e0ihierarchical relationship between intellectual skills, thers

nevertheless geneiai concurrence on the applicability of Gagne't,

model (see Chapter I /Section 3). There is also concurrence,,however,

that the`same type,of hierarchical model may be inappropriate 'for

Other forms.of learning behaviour. The suggestion by Gagne (1968),.

for example, that elementS of verbalised knowledge may not be'l.larned

in the same hierarchical Manner.as that proposed for intellectual
.

skills was empirically` substantiated in a recent study by*White (1971).

t.

The same conclusion was also proposed by White s(1971/pp.19, 22) as a

. possible-explanation for the breakdown of certain postulated
-

hierarchical relationships in other research studies (for example see

Kolb 1967/8'and okey 1968). Additional evidence is provided by two
\
\

of the present validation studies that although elements of specific
4r

terminology may be necessary to identify relevant intellectual skills

(e.g. rate of change = gradient for A.B.R. /Time graPh), the'

acquisition and application of these intellectual skills is apparently

.\
not, dependent on any meaningful interpretation of the associated

terminology (see Chapter VII/Section and Chapter XI/Section 3).
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'1

It follows frOM t is conclusion that the potential generalisation
.

ol a particular intellectual skill may readify.be extended toy

505

.specific informetional context by providing the appropriate terminology

ce instructional cues. Thus in the example given above that rate of

,
change in A.B.R. = gradient for A.B.R./Time graph, . the. same intellectual

L skill (calculation of gradient at a specified point) may be applied

_to-any other situation simply by substituting the appropriate variables

torA.B.R. and Tiine. It follows-conversely, however, that the__

_succetsful application of a-given-intellectual skill does not-guarantee

any 'meaningful' inteipietatioi; of the relevant Thus the

calculation of gradient' for a particular graph does not involve the

-..ability to translate this. result into any real or meaningful context.

This point was mentioned earlier in Chapter XI, and emphasises what

it perhaps the most serious limitation of intellectual leartiling skills,

1 namely the.lack of any requirement for meaningful interpretation.

This problem appears to involve more than the inflUence of any limited

set of specified prerequisite skills, and may therefore be mare-

cldsely related to the "meaningful" dimension of Ausubel's (1968)

theoretical model, rather than to Gagne's (1965) explicit hierarchical

1 ,

4Pheme: To the extent, however, that meaning is a function of
'\

"cognitive structure" (Ausubel and Robinson 1969/p.158), and that this

..s.,),
.

. .

in iturn is a-t:product of previous learning experiende, (p.158), Gagne's

model is by no means irrelevant.

517



2. The Significance of Subdivisional Analysis

The recognition and empirical verification mentioned above
. -

of-different subdivisional skills withn each-intellectual ability'

increases the complexity of relevant hierarchiCal relationships, and
)

hence the danger.of falseorejectionthrough comparison of different

subdivisional skills at- successive hierarchical levels. In thesee
Studiet, for example, the postulated hierarchical connections were

validated only between analogous subdivisions of related intellectual

y

i
.

skills, and despite the provision of tseparae instructions and examples
. .

.

.' .
.

-

'for each of these subdivitional'skills, their difference (or
it(

.
,independence) was confirmed at various levels in'each validation

programme. Perhaps the most important implication of this &stun, I.

-at _least in practical terms ,is that'the-potential application of any

Validated learnihg'hierarchy is restricted to the limits of lateral

transfer defined by the relevant#subdivisional skills repretented in

the instructional programme, is result may also serve to explain

-A(
some of the inconsistencies observed in previous hierarchical -

validation studies, milere the lack of subdivisional classification and
,

6 . . -

anallrtit-may-have ledTto-dmprecise definition of the batic intellectual-..

skills (Ford & Meyel9'66; Kolb.1567ig; Okey 1968).
at .

il
. .

In a positive sense the definition of si.,divitio nal skills may

be';Used as a'lneans to ,extend, on a systematic basis, the potential ..

.

4:T.%
.

-application of any basic intellectual ability or complex learning

.

co-,

.

hierarchy. isuggested, moreover, in Chapter VIII (Section 3),

that; this extension in.161a.sprobably best achieved progressively

at each. level of the learning hierarchy, so that each intellectual

(7.:1 8
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ability would cover the same potential range of specifiC interpretative

tasks. The evidenCe of random forgetting provided earlier by Gagn6

4
and Bassler (1963) reinforces this suggestion, since the extension

in scope of isolated higherrlevel abilities to cover different

subdivisional skills could not possibly be transferred to subordinate

skills already forgotten; and, even if all of the subordinate skills

could be recalled, there is mo evidence. to suggest that this extension

would immediately be transferred: This approach of systematic :and

progressive extension of basic intellectual skills is in contrast with,

many of the current piactices in the teaching of graphical interpretation

skills, at least with respect to numerical range (see also ChapterII/

Section 2 and Chapter VIII/Section 1): It wag also established in
-

Chapter VIII (Section 3) that although an extension in scope of certain

intellectual skills may,affect the relevant difficulty levels, the

basic hierarchical structure of interrelationships remains unchanged!

I

1

The Effectsof Personal and Situational Variables on the Postulated

Learning Hierarchy

In contrast with the limits on potential generalisation

established by the analysis,of subdivisional skills; it was shown in

several of the majOr validation studies-pat differences in specific

curricular background (Chapter IX),,in general educational and CilltUra

background (Chapters X, XI), and in age and nominal academic level

-(Chapters:IX-XI) had no substantial, influence on the acquisition

sequence of intellectual skills in the postulated learning hierarchy:

Thus in spite of possible differences, in element difficulty levels,

519
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the
.

iiot§ntial generalisation of validated learning hierarchies may

. he li_ trg e lv independent,gzthemariables,...both _personal 4backg r ound,

. ti t
ft

' age. andadademic lcyel) Wig :situational (informational context), . .

e, .: . ' .17. o
.

.
. - ...

examined in:these'studieg. . t ..
. . . ..

#.....-

.t
, '

°: Although qUalified by certain. liinitaLons Aoutlined,in Chapters
.

-% ,

VI-XI), this conclusion has important implications for curriculut
.--

. .

,

scni

planning and'development, since it foliOws thattthe postulation and

r
'.empirical :validation of certain basic learning hierarchies may be used

t
.

to,provide a nucleus for the development of relevant curriculum

Programmes on both a-national and international scale. Many of the

<
-

'Current programmes on, graphical interpretation (e.4. Nuffield, B.S.C.S.,

I.S.C.S., - see Chapter II/Section 2)- have 'already achieved.

national or international implementation, but. in terms of presentation
.

t

'sequence these programmesi,are often incompatible', and none have so

A., far lieen sub3ected to empirical validation.
1

1

The implications of common learning hierarchies across differences

. .
. V

in_background experience are equally important for curriculum evaluation,

1,, .

.

.

in that the same -hierarchical structures may serve as a basis for both

t

.

' ltstructionarand diagnostic testing purposes. It is important, h6Oever, I
,

s.

to emphasise in this respect that the basic learning hierarchies
... .

mentioned above ire essentially concerned with general mechanistic skills,'

and incorporate no condl
kfons'of meaningful interpretation, so that

. .

special adaptations would have to be,made :in ihedevelopment of any -I

curriculum programme to account for more speCific conceptual

difficulties arising from particular background characteristic.

has already been-mentioned in the cqntext of the.Papua/New Guinea
044

t
Nalk..........__________ _t___ ___
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validation study with ProgramMe II (Chapter XI), and is consistent

with' :the implications of. other relevant research Mackay and Gardner

1969; Prince 1967, 1969,.1970).

4. Aspects of Methodological Significance

Apart from the general conclusions and implibatipns outlined above,

these validation studies have provided valuable information on a number
, .

Of important methodological prOblems. In -the statistical, validation

-;
for example, the use of, marginal totals instead of. indiyidnal-

r .

ores was in some cases shown to producednrealistically high

values for the calculated critical number of 0/2 cell exceptions (see

for example Tables 6/15'(B) , 6/161A), 7/14 (C) an 7/15(A)). This

problem Was most apparent when the subordinate skill4lifficulty level

,was low, and the errors of measurement (or degre of response

, /.
inconsistency) relatively high. In extreme situations the calculated

,critical number of 0/2 cell exceptions was higher than the actual number

of students who failed the subordinate skill so that the postulated

hierarchical connection could not possibly be rejected.

thete cases, however, the relevant connec ion was more effectively
/

substantiated in alternative validation experiments, and thus the

,problem effectively resolved by replication, although this., procedure
/

would obviously be too tedious to recbmmend as a matter of routine.

In view of the Correspondence f.n validation results across different

academic, age and difficulty levels, it would probably be more appropriate

to validate suitable sections of a given learning hierarchy with

For most of
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different groups of students, and thus avoid the complex statistical

problems associated with extreme difficulty levels. Thus the present

learning hierarchy might be validated more effectively in several

different overlapping sections presented at different academic levels,

with the comprehensive structure subsequently collated from results

for the various constituent sections. It would be necessary, however,

to 'ensure that students engaged in imoreicomplex sections of the

hierarchy possessed all of the relevant prerequisite skills.

- The calculation of statistical power for the test of hierarchical

idependence was also affected in various ways by extreme difficulty

levels and relatively large errors of measurement. 'Since the

alternative hypothesis was associated with the proportion of students

succeeding at the,superordinate skill, the power was drastically reduced

when the.relevant'difficulty level was particularly high (see Chapter

VI/Section 2). On realistic expectations the power should also be

associated with the subordinate skill difficulty level, and diminish

as.fewer students fail the subordinate skill (Chapter VI/Section 2).

There seems no obvious reason, however,\to relate the alternative

hypothesis (or postulated proportion of exceptions) to the subordinate

skill alone, since each exceptional student must,also succeed at the

higher skill. Thus a combination of alternative conditions may

present the most appropriate solution, with the powet of the test

determined according to the most stringent'or limiting\hypothesis, and

hence the most extreme difficulty level. This solution would obviously

be modified by the degree of response inconsistency for both subordinate

and superordinate skills, since any errors of measurement would
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invariably tend to reduce the statistical power..,

The most significant problem with respect to general validation

procedure concerned the omission of regular retesting segments in the

preparation of the learning programme. The argument for this,. outlined

in Chapter V (Section 3), was that any students who acquired prerequisite

skills in'the process of attempting more complex capabilities should be

classified as legitimate exceptions to the postulated hierarchical .

sequence. In some cased, however, the teaching of sequential Skills

required extensive renetition of certain basic instructions (see

'Programmes I-,III/Section 1 in Volume III), so that the problem of
P

incidental acquisition became particularly pronounced, and either

forced the relaxation of null hypothesis conditions or resulted in

,outright rejection of the postulated hierarchical connections (see

Outline of Validated Hierarchy for areas 1-3 in Chapters VI-XI). The

contrary argument expressed by White (1971/p.31) that the incidental

acquisition of a supposedly essential subordinate skiLl may still precede

the more complex capability seems reasonable enough, bu\this is still

.\
in iinconsistent with the proposition that the simpler skill is, n ts own

right, an essential prerequisite capability, and thus does not provide a

basis to set aside the relevant information. On the other hand,

however, where the repetition of basic instructions provides an additional

and essentially independent opportunity to learn a particular subordinate

skill) this approach may well be justified on practical grounds to

differentiate between the two related skills.
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Apart from the practical relevance to graphical interpretation

te

skills, the studies outlined in this research have provided Valuable

information on the nature and conditions of hierarchical learning,

and have also produced a number of important methodological

developments concerned with the validation of learning hierarchies

and the analysis of subdivisional skills. These studies have also

revealed, however, that there are many methodological deficiencies

which have yet to be overcome.

There are, in addition to the various problems outlined in this

research, a number of fundamental issues requiring further investigation.

TheSe include, for example', the relative efficiency of different

instructional sequences, and of alternative learning hierarchies with

the same or similar terminal skills, the necessity for systematic

review in order to account for random forgetting, and above all the

effects of meaningful interpretation on both immediate learning .

efficiency .and long-term retention of basic intellectual skills.
\I

These problems are particularly important both in a theoretidal sense,

to provide further information on t e nature and conditions of

hierarchical learning, and in a practical sense to substantiate the

application of learning hierarchies incurriculum planning and

development. Each of these problems wit' of course involve its own

methodological difficulties, but in terms of general implication should

hold considerable promise for prospective research.
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APPENDIX I

A TEST OF DIFFERENCE FOR DICHOTOMOUS DATA WHICH ACCOUNTS

FOR ERRORS OF MEASUREMENT



A Test of Difference for Dichotomous Data Awhich Accounts

for,Brrors of Measurement

.c

The following test.was developed in collaboration with

Dr. R.. T. White (Faculty of Education, Monash University), and is

based on a model developed'earlier by White and Clark (1973, see

also White 1971) for a test of hierarchical dependence.

Suppose that there are two abilities, designated I and II, so

that in. any population four relevant groups can be distinguished: -

let the proportion with. neither ability be P0, with ability I only

be PI, with ability II only be PII, and with both'abilities be P
B

.

If the possession of either ability also implies possession of the

other (that is, if both abilities are the same), then the proportion

with only one ability will be zero. Thus the null hypothesis may

be stated as -

Ho: P
I

= P = 0

(The alternative hypothesis would probably involve PI>0 and/or

P
II
>0, but because of more complex considerations, which include the

possibility of differential proportions for each of these abilities,

this matter has not yet been resolved.)

Suppose that a sample of size N is drawn from an infinite population,

and that the members of this sample are given two questions to test

each ability. These subjects can then be distributed, according to

their results, on 2 x 3 contingency table (see Figure 13.1). If

allowance is made for errors'of measurement, there is some probability
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that a given member of the sample may be classified in any of the
o

nine cells, even if Ih is'irne, but: ir Ik is false, then obviously

.the greatest difference beiween observed and expected distributhms

will occur.in the 2/0 (top left) and 0/2 (bottom right) cells. Thus

Ho:may be tested by comparing the observed and expected number of

subjects classified in these two cells.

Assume that chance errors or successes on all four questions' are

independent, and attributable solely to. errors of measurement. Assume

also that the probabilities of chance errors, or of chance successes,

are equal for the two questions defining each ability..

Let 0
a

represent the probability of someone with ability I

answering correctly any question for that ability, and Ob the probability

that someone without ability I correctly answers any question fOr the

same ability. Let 0
c

and 0
d

represent the corresponding probabilities

for ability II. The probabilities bf.randomly selected members of

the sample being classified in the 0/2 and 2/0 cells can now be

calculated according to the following equations.

p
02

= P
0

(1 - 0
b

)

2
0
d

2
+ P

I
(1 - 0

a
)

2
0
d

2
+ P

II
(1 - 0

b
)

2
8c2
c

2

COArd ,
.

+ P
B

(1 0
a

)

2
0
c

2
(1)

p
20

= P
0

0
b
2

(1 0
d

)

2
+ P

I
0,

2
(1 - )

2
+ P

II
0
b

2
(1 0

c
)

2

k

+ E
B

0
a

1
(1 - 0

c
)

2

f."P'7

[2)



Estimates of the various P and 0 parameters can readily he'

obtained from the observed marginal totals,of the contingency table

shown in Figure 13.1., More reliable estimates could probably be

deilVed from individual cell frequencies, but the necessary

ilcalculations would.be considerably. more tedious. The expected

marginal totals are presented.in the following simultaneous equations.

Ability I: 2 Correct [(PI+PB) Oa
2

(!0+PII). eb

2

N a

1 Correct 2[(k
I
+P

B
)0

a
(1 -0a) + (P

0
+P

II
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[3)

(1-e
b
)] N = b [4]

0 Correct [(P
I
+P

B
). (1-0

a
)

2
+ (P

0 I
+P-

I

2
) (1-0') N = c [5)

Ability II: 2 Correct [(P
I
+P
B

) 0
c

2
+ (P

0
+P

II
) 0

d
2

N = d [6)

1 Correct 2[(P
I
+P

B
) 0

c
(1-0

c
) + (P P

II
) 8

d
(1-0

d
)1 N = e (7]

_

,

0 Correct [(P
I
+P

B
) (1 -Oc)2 + (P

0
+P

II
) (1-0')

2
1 N = f (8]

One of the above equations for each ability is degenerate, and

since PO + PI + P
II

+P
B

= 1, and under Ho, P
I

= P
II

= 0, we are left

with five equations in six unknowns. Thus an additional restriction

must be specified in order to achieve a unique solution for each of

these six unknowns. ' A range of alternative, and apparently

reasonable restrictions could probably be applied, although some of

these (e.g. 013 = Od) have in practice proved extremely sensitive to

rfrj2114



discrepancies in Eorresponding marginal totals for the two abilities,

and have therefore tended to produce quite unrealistic estimates of

the other parameters. Two of the more prothising alternative

. resqictions are presented below with appropriate rationale.

N(1) e
b

= 117-1 +()

2
[9]

This expression stipulates that the probability of guessihg'a

correct response for ability I' without possessing the ability is

given by half the maximum observed proportion of subjects who could

possibly have made such a guess. This restriction gives equivalent

weighting to each of the dichotomous groups for ability I,-in that

half of the observed experimental errors are proposed to arise through

guessing by those without the ability, and half through chance

mistakes by those who actually possess the relevant ability. It is

a matter of arbitrary choice that Ola is set instead of andand perhaps

this'is a logical weakness, although unless Ho is obviously false the

two expressions should be substantially the same.

1
b

a+c
a 1

(2) P
B N

= a + +
N

d + e
d

This reduces to -

p.1.2( a dI
k a+c d+f

[10)
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This expression involves the distribution of middle values (b and e)

of the observed marginal totals between the upper'and lower values in

proportion, then takes the arithmetic mean of both estimates for P ,

thus avoiding any arbitrary choice between the two abilities.

. .
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In practice both of these restrictions appear to produce \
sensible results for all parametersT-bntSink.A. all-af, the subdivisional

analys47..restinsreporlod in this research involved the use of
- ,

restriction (1), the solutions for this alone are psi ented below.

SolutiOns for ReStrictiori (1)

Note: PO = 1 - P
B
.since P- +P1 +P

II
+PB =l'and P

I
= P

I
=Ounder Ho.

N 0 .

" b 1,
e
b

=
N

+(
N
)
2
1

., By adding twice equation (31 to equation PO, it can be shown

on simplification according to the notes, above that -

2 PB8a + 2(1-P
B

)

b
=

2a+b
N

[12] .

This equation can now be,,solved simultaneously with equation (3]

to produce the following unique solution foi PB

[(
2a+b

)
b

2

2a +b 2

N b% N 4 yb

[n]

This expression, which also determines the value of P0, may then

be used in equtioh (12] to-solve for
a

:

'6
a 2P

B
N

fs2a+ b) lr

P
B

[14] -.

The addition of equation (7] to twice equation (6] produces a

linear expression relating Oc and eId as follows.

8 = ) 8 (' PB
2d+e%

d (11P
B

) 2N c..
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This expression may then be substituted in equation [6] to

produCethe following auadratic equation-in-O .

6 2 tkittA t 1 2d+e
2

( 17p
c c% N 4P

B
N / N

P
B

This equation produces two alternative solutions for Ocf

t
although in practice one of these consistently gives unrealistic

519

[16]

estimates outside the range of 0 - 1,.and many therefore be ignored.

I Thus we are left with the following unique splution.

. . .

2d+e 2d+eN
N I N

1
2

2d+eN l-P
B
)d (17)

B\ -711 P
B

ti

The value for 0
c
derived from this expression may then be used

in'eghation (15] to solve for Ad.

The values for,. each of the various P and 0 parameters are now substituted
:s.

in equations (11-iiia' [2] to provide estimates of P02 and 1520. The

probability of x subjects being classified in the 0/2 cell is then

given by the binomial expansion:-

(N\ ( N-x x
kx, v02' v02

[18]

If\the observed values in the 0/2 and 2/0 cells are X and Y

respectively, then the probabilities for each of these events, or events

less deviant from that'-expected under Ho, are given by the

cumulative probabilities':-

',/ X \
Y

Pr
02

(x) and I Pr
20

(y)

xi= 0 y =0
\
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,.

The .cottibinecir prokiability, of these. or less, deviant events
e

calculated according.to the follOWing expression.
4.

,

X .

PE' r

x = 0

"*. N

Pr .01
20

. y =
.

Ho is reflected when P
XY

is'less .than the value ch6sen Tor m ,

the probability of a 'Ate I error.

0

ti

)

3 ,

I

0

e

[1,9
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'TESTING MATERIALS USED 'FOR. THE

ANALYSIS' OF SUBDIVISIONAL SKILLS

1

OM.

a

51.8

,

o
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NOTE

, \

SEQUENCE OF PRESENTATION

r

'ELEMENT OR

BASIC SKILL

NUMBER OF POSTULATED
SUBDIVISIONAL SKILLS

NUMBER OF
,QUESTIONS

1/1 \\ 12

1/2 6

2/1(A) 9 18

2/1(B) 11 22

3/1 7

3/2 2 4

4/1 8 16

.4/2 8 16'

4/3 7 14

5/2(A) 8 16

5/3(A) 8 16

5/4(A) 8 16

5/2(B). 9' 18

S.

5/3(B) 10

6/2 8 16

6/3(A) 2 4

6/3(B) 4 8

6/4(B) 4 8

The\definition and classification code for each elementin this

list is4lorRsented in Tables 3/1-3/6(Volume I/Chapter III), and a

comprehensive outline of subdivisional skill!; is presented in

Tables 4/1-4/18 (Volume I/Chapter IV).



EASIC SKILLS OP GRAPHICAL INTERPRETATION

ea,

SUBDIVISION ANALYSIS. SET

NAME AGE

SCHOOL CLASS

r

DATE

INSTRUCTIONS

Read each question carefullay, then write

your answe in the space provided.' Try to

guess" the swers to any questions you, do

not know, but do not waste time on more

difficult pr4lems. All answers should be

given to the earest decimal place, and

any other calculations rimy be written on

the back of the page..T e sign of an answer,

where this appli s, should be either positive

(+) or negative ( ) .
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1/1-1(a)

Y
iu

9

7

6

5

/--

4

3

2

O-9-8-7-6-5-4-3-2- 1 2 3 4 5 6 7 4 9 1(

1

-2

3

7

' 8

9

in

x

Calculate the horizontal (X) position of A. ,

AII6J-11.,a

f

(sign) (number)
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1/1 -1(b)

iu
9

8

7
..
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BASIC KILLS OP GRAPHICAL INT RETATION

SUBDIVISION, ANALYSIS SET' 1/2
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NAME
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SEX

DATE,

INSTRUCTIONS

AE

CLASS .

Read each question carefully, then 'rite

your answer in the space provided. Try to

guess the answers to any questions you do

not know, but do not waste time on more

,difficult problems. All answers should be

given to thenearest decimal place, and

any other calculations may be written on

cthe back of the page. The sign of an answer,

where this applies, should be either positive

(4-) or iegative
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1/2-2(b)
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number line above.
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Calculate the position of A.
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Read each -question carefully, then write
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given to the nearest decimal place, and
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(.0,1'or negative (-),
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Calculate. the value of Y when X = 10..04
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CalcUlate the value of Yi when X = 8.0

ign ) (r,iuniber)
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BASIC SKIIIS OF GRAPHICAL INTERPRETATION

SUBDIVISION ANALYSIS SET 3/1

NAME

SEX

AGE

SCHOOL CLASS

DATE

INSTRUCTIONS

Read each question carefully, then write

your answer dn'the space provided. Try to

guess the answers to any,questions you do

notknow, but ,do not waste time on more

difficult problems. All answers should be

given to.the nearest decimal place, and

any other calculations may be written on

the back of the page. The sign of an answer,

Where this applies, should be either positive

(+) or negative (-).
618
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Calculate the maximum value of Y.
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Calculate the maximum value of Y.

(sign) (number)

O



100

8

6

5

2

- -7 -6 -

3/1-2(a)
0

-4 -3

11

1

2

3'

4

5

6

4

3 4 9 140x

7

-8

-9

10

Calcula\te- the minimum value of Y.
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( sign) (number)



Calculate the minimum value of Y.
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Calculate the maximumivalue of X.
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(sign) (number).
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Calculate the maximum value of X.
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.(sign) (number)
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Calculate the value of X at the maximum turning point.

ANSWER
IP.

(sign) (number)



Calculate the value' of X at the maximum -Wining point.
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Calculate hs maximum value of Y.
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BASIC SKILLS OP GRAPHICAL INTERPRETATION

SUBDIVISION ANALYSIS SET 3/i'

NAME AGE

SEX

SCHOOL CLASS

DATE

INSTRUCTIONS

Read each ques on-carefully, then write

your answerAn the space provided. Try to

gueSs the answers t. any questions you do

riot know, but do not w te time on more

difficult problems. All an= ers should be

given to the nearest decimal p ce, and

any other calculations may be writ n on

the back of the page. The sign of an answer,

where this applies, should be either positive

'(-F) or negative (-). 1V3



.3/2-1.(a)

1 3 4

7

Mark with a circle the 'number of each curve above

showing a MAXIMUM turning point.



. . .

1 2

5 6 7

Mark with a circle the number of each curve above

showing a MAXIMUM turning point.
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3/2-2(a)

4

7

Eark with a circle the number of each curve above

ohowinc a IIIITIral turning point.

6,J6



1 2 3

3l,- 2kb")

5 6 7

Lia.rk with a circle the number of each curve above

showing a 1:IINIt17:1: turning point.
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BASIC SKILLS OFGRAPHICAL INTERPRETATION

SUBDIVISION ANALYSIS I SET 4/1

NAME AGE

SCHOOL

SEX

CLASS

DATE

INSTRUCTIONS -

Read each question carefully, then write

your answer in the space proVided. Try to

guess the answers to any questions you do

not know, but do not waste time on more

difficult problems. All answers, should be

given to the nearest decimal place, and

any other calculations may be written on

the back of the page. The sign of an answer,

where this applies, should be either positive

638
(-E) or negative (-).

4



4/1-1

4

10 ---,-----LI
9

.

.

.

f r

. 6

_

. 5

,

4--.....

3

, .

10 -9 - - - - .4 -3 -2 -i 4 5 6 7 e 9 10
-1- ,

. . -2

3

4

.
6

8

-9.

Calculate the horizontal (X) displacement from A to B.

ANSWER

(sign) (number)
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Calculate the horizontal (X) displacement from A to B.
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The displacement from A to B is + 5.0 units in the

horizontal (X) direction, and both points have the

same vertical (Y) position. Place a mark (X) at

the position of B on the graph above.
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4

The displacethent from, A to lass`+ 4.0 units in the

horizontal (X) direction, and both pointa ave -the

same vertical (Y) position. lace a mark at

the position of A on the graph 'above.
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The displacement from A to B is j3.0 units in the
.

horizontal (X) direction, and both,points,hage the

same vertical (.4i) position. Plaae a mark (X) at

the position of Avon the. Graph above.
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Calculate the vertical (Y) displacement from A to B.
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(sign) number)
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Calculate he vertical (1) displacement from A to B.
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1



4/1-5(a)
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Calculate the horizontal (X) displacement from A to B.

ANSWER

(sign) (number) ,



Calculate the horizontal (X) displacement from 11. to B.
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Calculate, the horizontal (X) displacement from A to B.
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(sign) (number)
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Calculate the horizontal (X) displacement from A to B.

ANSWER

(sign) (number)
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Calculate the horizontal (X) displacement from A to B.

AlISWER

(sign) (number) .
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Calculate the horizontal (X) displacement from A to B.

ANSWER

(sign) (number)
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Calculate the horizontal (X) displacement from A to B.

AlUdER

(sign) (number)



BASIC SKILLS OF GRAPHICAL INTERPRETATION

SUBDIVISION ANALYSIS SET hi 2

NAME AGE

SEX

SCHOOL CLASS

DATE

INSTRUCTIONS

Read each question carefully, then write .

your answer in the space-provided. Try -0

guess the answers to any que'stions you do

net know, but do not waste time on more*

difficult problets. All answers should be

given to the nearest decimal place, and

any other calculations may be written on

the back ofd the ge. The sign of an answer,

where this applies, should be either positive

(+) or negative (-).
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Calculate_ the. displacement from A to B.

A,'

4

(sign) (number)
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Calcuidte the displacement from A to B.

AN-sly-ea

:

sign) (number)
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4/2-2(0'

t 1 I
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The displacement' from *A to B is + 5.0 units. Place

1 a mark (X) at the position of B on the number line

above.

a

a z.



,4/2-2(b)

2 3 4 5 6 7 8 9 10

Te displacement from k to B is + 3.0 units. Place

a mark (X) at the position of B on the number line

above.
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/,

V



4/2 -3(a)

I I I I I -1
I

B
it 1

-10 -9 -8 -7 -6 -5 -4 -3 42 -1 0 1 2 3 4 5 6 7 8 9; 10

\.

I \
I

1 _
The displacement from A to B is + 6.0 units. Place

mark (X) at the position of A on `the number line
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The displacement A.rom A to B is + 4.0 units. Place

a mark (X) at the TositiOn of A on the number line

above.' ..

)
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Calculate the displacement from A to'B.
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(sign) (number)
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Calculate the displacement from A to B.
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(sign) (number)
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Calculate the displacement from A to B.

ANSWER .

(sign) (number)
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Calculate the displacement from A to B.
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(sign): (number)
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Calculate the displacement from A to B.

ANSTM
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Calculate the displacement from A to B.,

ANSWER

(sign) (number)
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4 s .

Calculate the. displacement from A t .

ATISER

4

Rd,

(sign) (number)
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:Calculate the displacement from/A to B.

AYSUER

'(sign) (number)
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BASIC' SKILLS OF GRAPHICAL INTERPRETATION

SUBDIVISION .ANALYSIS SET 4/3

NAME A 4 AGE

SEX

Yoh SCHOOL . CLASS,
4

DATE

,
INSTRUCTIONS

,

Read each question carekully_;-then write

iyour answer inhb space provided. Try tp
- .

guess the answers to any questions you do. 4

not know, but do not waste time'on more

;difficult problems. All answers should be

given to the nearest decimal place, and

any other calculations'may be written on

the back of the Page The sign of an answer,

where this apPlies,'should be either:positive

(+) or'negaftive,(-).
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Complete the following calculation.

3
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Ccimplete the following calculation.
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Complete the following oaaculation.

_ 5 3
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4/3-2(b),
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Complete the following; calctilation.
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Complete tithe following calculation.
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i

, ,...i...........-.T

. .1

5.

7"



Complete t4o following calculation..

5.4 - 3.2

,0

rz-i
if o

q

O
4/3-4`(a)'

J

C



Complete the following calculation.

9.7 .3

:**

680

. 4/3-40)

7
-
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ti



Complete the following calculation.
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BASIC SKILLS. OF GRAPHICAL.INTEHPRETATION

SUBDIVISTON.ANALX

NAME

SCHOOL .

SEX

DATE
A

INSTRUCTIONS

Head:each question carefully, then write

your answer in the space provided. Try to

guess the answers to any questions you do

not know, but do not waste time on more

difficult prOblems. All answers should be

.SET 5/2(A)

AGE

CLASS

.

given to the nearest decimal place, and

any 'other calculations may be written on

the back of the page. The sign of an answer,

where this applies, should be either positive

(+) or negative (-).

687 ts



'toY

5/2(4)-1 (a)

-10

-8

-5

4d.

-2-

1

-9 -8 - 5 -4 -3. -2 .3 4. _9.1O

C.A A

-3
. -4

.5

-6.

-7

8

-9

lo

S.

Calculate the gradient of the line AB;

AMWER,

(sign) (number)

688



-.r

-11
10

9

5/2 (A)-1,()):

-r_

-10-9 - 7 0 9 10,

4

5

-8

9

-10

Calculate the gradient of the line AB.

ANSWER

(sign) , (number)

$89



5/2(A)-2(a)

1 u .

.

.

-

8

7
.

.

,

, 1

.

.

.

.
:

S4:-..

. . 5

---6

7
. .

-8

. _ .

....1 n

Calculate the gradient of the line AB.

AnWP JS.

(sign) (number)

:7



.4

9

7

5

.5/2(k).?2(0-

=10 - - -3 -2 -1:

0
til

7

8

9

-10

Calculate the gradient of the line AB.

ANSWER
7---
( sign) (number)



--10'-9 -=

All

IDA

Calculate, the gradient of the line AB.

(sign) (number)



.

..b,"\t

10

4.

V- 1

0 - -6 - -3 -2 -

9

8

7

6

5

3

2

5/2(A)-3(b)

0
eV

B
.

/IV

AA.

"t.
111,

-1

3

-s

10

9 10

r

-6-

7

8

-10

Calculate the gradient of the line AB.

C91
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-1

512(.04ta)

.
1u-

..9.
8

.

7
...

6

5
go

I 0 .4

.411
,41111

.
A

0 -9 - '1: - -4 8 9 11

II -

- -.

..

6 - -

111 8

-111

Calculate .the gradient of the line AB.

ANSWER

sign). (number)

4

O



5 /2 (A )-4 ( b )
O

its

9

8

'7
- .

. .
...

6'

__... I

5

-
B

-- ...---

3 ------....'

2
-.--

.

.

o = 9-- _ 6. _ :-..-4 .., .. .... -. 3. 4 5 6 -8 9 1(

.
. -

.

.

_

7

.%

9

.

Calculate the gradient .o± the line.AB.,

ASWER

(sign) (number)

v!.

695
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a
l
c
u
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a
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t
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a
d
i
e
n
t

o
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t
h
e

l
i
n
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A
B
.

A
N
S
W
E
R
"

.

A
.4

s
i
g
n
)

(
n
u
m
b
e
r
)

69
6
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.
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ok

r

i

6

-

.1.

.

512 (A)-5 (b )1:

11111111111111111111111
IIIIIMIIIIIIIIIIIINI
111111111111111111
1111111111111111
1111111111111111111111IIIIIMIIIIII
OMMIIIINIIIIIIIIIIIIIIIMIN11

exa

-2

4

5

7--

8

9

-10-

,

Calculate the gradient of the line AB.

ANSWER

,

(sign) (number)
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1111111111111111111111111111

1111111111111111111111111111

1111111111111111111111

11111111111111111111111
111111111Mill11111Ell MINIM

1.0 -9 4 3

-41
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8
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4
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5

4
5
-6

7
-8
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4
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1 I
-

/P.

1 i 4 -6 `-9
4

1C
/
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1

11, 4

.
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. ,

o-

..

Calculate the. gradient ''of the. line AB.

61ER.

sign) (nuniber) .
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Y

5 / ( ) 6 ( b )

iu

7

6,

5,

4 .

0 -9 - - -5 , - -2 -1 1 12 9 IC

:
. --I

--2_
.

. 3 .

kl,', - -

.9.-
.-5°-

...,
-6

-7

--9
8

-in

Calculate the graglent of the .line AB.'

.0

(sign)` (number)
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9 111

6

5
1

3

U

fit=
0 -9.- -7 - :- -4 7 4 9 1

. -

.. -
-4

...44

.
.

.

-

-8

-9

to

Calculate the gradient of the line AB.



10Y

9

8

6

.5/2(A)-70)

-10 -9 - -2 -1

2

3

4

5

2 9 1

7

8

-9

40-
t

Calculate the gradient of the line AB.

AITSWER

(sign) (number)

.4
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Calculate the gradient of the line AB.
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BASIC SKILLS OF GRAPHICAL INTERPRETATION

SUBDIVISION ANALYSIS

NAME

SEX

SET 5/3(A)

AGE

SCHOOL CLASS

DATE

' INSTRUCTIONS

Rezid each Auestion,carefully, then write

your answer in the space provided. Try to

guess the answers, to any que*stiors you do

not know, but do not waste time on more

difficult problems. All answers should be

given to the neeirest,decimal"place, and

any other calculattons may be written on

the back of the page'. The sign of an answer,

where this applies, should be either positive

(+) or.negative





O 5 /3(A". ) -1 (b)

. ,
Calculate the gradient of the line AB.

ANSWER

Ell II

7C6



Calculate the gradient of the line AB.

ANSWER.

(sign) (number)



iw

O

Calculate the gradient of the line a.

ANSWER

(sign) (mun\ber)

-1-.;$,.,
. -

s



f

o

5/5(A)=3(a)

Calculta:te the gradient of the, line AB.

'MUER,
.
ign) (number)

709





At

r

5/3(A)-4(e),`

Calculate the gradient of the-line AB.

Al d soR

(sign) (number)

>+X.

I

r 0

4

C



5/3(A) 4(b

Calculate the gradient of the line AB.

AIISWER

(sign) (number)

712



v

__J
-2

5/3(A)-%a)

'Calculate the gradient of the 1

t\

AgSWER

(sign) (number)

I
e



Calculate the gradient of the line AB.







Y

5/3(k 7(a)

to

B

Calculate the gradient of the line AB.

ANSWER

(sign) (number)

717

4,



a

5/3(A)-7(b)r

Calculate the gradient of the line AB.

ANSWER

(sign) (number)

718

r, -IX

O



\::

J

a
0 5/3(A)-5a).

B

A.

Calculate the gradient of the line AB.

ANSWER

(sign) (number)

719



frA

. 5/3(A)-8(b)

Calculate the gradient of'the line AB:'

ANSWER

(sign) (number)

7:0

X



BASIC SKILLS. OF GRAPHICAL INTERPRETATION

SUBDIVISION.ANALYSIS SET 5/4(A

NAME AGE

I 0

SCHOOL

SEX

. CLASS

DATE

INSTRUCTIONS .

Read each question carefully, ,then write

your answer in the space provided. Try to

guess the answers to any questions you do

not know, but do not waste time on more

difficult problems. All answers should be

given to the nearest decimal place, and

any other calculations may be written on

the back of_the page. The sign of an answer,

where this applies, should be either positive

(4-) or negative (-)..
2

A'71



Cbmplete the following calculation.

4 'I

6 3

79r)



Complete .the; following calculation.

5/4(A)-1 (b)



Complete the- following calculation.



Complete the following calculation.

o

;

IP

E.

'I

.4





-1

r.
,-..

,

4

O

Complete. the following culation.

,

7.2 1.6 --

75,7

a

.a

\-

3/400-3(b)

.

r.
r



a

Complete the following calculation.

4 8

5/i(A)-4(a)



9.

N

eg'

Conift6Wthefollowing calculation.

. AND

5/4(A) -4(b)

. ^



0

Complete the following calmilation.

5/4(A)-5(a)



Complete the following calculation.

-9 (-3)

.5/4(A)-5(b)



Complete the following calculation.



mplete the following calculation.

IM 1B OD

s

9
..,

,t



Complete the following oalculfpion.

0 7 OD

5/4(A)-7(a)



G

Complete the following oaleulation.

4-r.c

Z.;

514(A)11-7(b)



Complete the following oalctlation.

2

1:16

.v-firlQ
..f.4.)

5/4(A)-8(a)

c.



Complete the following calculation.

5 0

5/4(A):8(1:4..

1

'1

as



BASIC SKILLS OF GRAPHICAL. INTERPRETATION

SUBDIVISION ANALYSIS ma 5/2(B)

. NAME .AGE

SCHOOL

SEX

DATE.

CLASS

INSTRUCTIONS

Read each questiJon carefully, then write
Jr.

your answer in the space.provided. Try to

guess the answers to any questions yeai do

not know, but dol-not waste time on more

difficult.problems. All answers should be\

given to the nearest decimal place, and

any other calculations may be written on

the back of the page. The sign of an answer,

where this applied, should he either positive

(+) or..negative (-).

738
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-10 -9 -8 -7

11

Rule a tangent to the curve above at.the point where

X = 4.0

it

J ylrt(1
p%flJ



, .

5/2(B).-1(b)

lu

9
.

.8
7 .

6

_

.
. .

3
., p ci .

A

.

2

. .
.-

- _ .

. .

7$____9_14(

. .
.

0 -:9 -8 .-7 - -
-

..:4_,..r.3-..- 3 4 S

.

4..4

-5

7...

..

I ,
...iv I.s

. I

Rule a tangent to the carve above at the point where

X = '3.0

-

e.



ti

a

' ,

5/203)-2(i)

a

7-
6

5

z
3'

710 -9 -8 1 --5 T-4, \-3 -2' -1
-1

-2

-3

-4

-5

-6

-8

-0

10

a.

3 4 6* a

4

1

Rule a tangent to the.curve above at the point where

. -0.0

741

_MN



10

9

5

If
/

\5'/2(B)-2(b) .

1111111111111111111
11111111111111110=1
111111111111111W11111

11111111111111111111
11131111111/11111111
1111111111111111=1111
111111111111/11111
11111111111111111111111
111111111111MIIMI

I
-101- -6 -5 -4 3I

X- 3O

1

2

3

4

5

6

7

8

-9

-10

4 5/ 6 9 10

Rule a tangent to t - curve above at the point where



-10

Y
tO

9

e-
.7

6

5

4

-
3

2

-9 -8 - -4 -3 -2 - 4
-1

-2 ,

3

4 ,

-5

-6

-7

-8

9

AO t

5/2(B)-3(a)

9 10

itule a tangent to the curve above at the point where

X = 0.

7/13



t

5/2(B)-3(b)

s.:

aule a tangent to the curve above at the _point where.

X = 0.

ti riLl.
P A



111111111111111111111111

1111111111111111111111
11111.1111111111111111
1111111111111111111111111
1111111111111111111111111

1111111111111111111111
11111111111111111111111111

11111111111111111111111111
111111111111111111111111

-10 -9 -

10

9

7

6

4

3

2

-1

-2

-3

-4

-5

-6

-7

-e

-9

10

5/2(B)-4(a)

.
, ..

0

,
4 5

a

6
i

4 il
1

/ _.

a

\

Rule a tangent to the curve above at the point where

X= 5.4

7115

C



1

Y.
10

9

-8

,1
-10 -9 -8 -7 -

1.

-5 -4 -3

6

4.

-3'
2

-1.

5MB)-4(b)

AIN

1

-4 A

-3

-4.

-5

-6

-7

-8

-9

10

7 '8 9 10X

1

Rule a tangent to the curve above at the point where

Y =7.5



10

-.10 -9

9

8

7

6

5

3

2

5/2(B)-5(a)

-6- -4 -
1

-2

3

4

5

6

3 4

-7

-8

-9

-10

Rule a tangent to the curve above at the point where

Y = 4.0

-.1



5/2(B)-5(b)

-10

10

9

7

6

5

4

3

2

-9 - lo

1

-2

-3

-4-
-5

-6

-7

9

AO

Rule a tangent to the curve above at the point where

Y = 2.0



,.

lu

9

7

6

. 4.

0 9 -8 - - 4 - - - 9 to

0 3

5

-6

a

. I
9

in

Rule a tangent to the curve above, at the point where



-1

5/2(- B) -6(b)

Y
11.1

9

8 .

7

6

4

,

2

1

, ( -1

-2

-3

-4

"5

4 5 6 7,. 8 9 1

.

,.
..

- -6

-7

8 P-,

'9
_In_- - -

Rule a tangent to the curve above at the point where

X=3.0

C

.(1



5/2(B)-7(a)

8

6

5

4.

-3-

2

-1

14

--10 -9 -8 -7 -6 -5 -4 -3 -

O

--

41,

6 7 0 10X

v-

No-

Rule a tangent to the curve aboli-ca the point where

X = 4.0

A

cc

791



;

-6 -5 -4

..,Ifael.

1m.

-2

4

-5

0

5/2(B)-7N

6 8 9. 10

-6

-8-

-10

Rule a tangent to the curve above at the point where

X = 3.G

7a2

I V.



O

Y

8

A-

5

4

2

5/2(?).-8(a)

-

-10 -1.-13,-3:--6 -5 -4 - 2 3 4 7 9 id(

-

Rule a tangent to the curve above at the point where

X = 5.0

r)
kJJ

e

.
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r. 11
-10-9-

10

9

a

6

5

5/2(3)-8(3)

1 111111111111111
11111111111111111111110

11111111111111
INI111111111111111

MI MIMI=
1111111111111111111111111

111111111111111111111

1111111111111111111111
11111111111111111111

111111111111111111111
1111141111111111111
11111101111111111111

4

5

7,

8

9

.141.5 6 7 8 9 10

1111

-10

Rule a taneent: tb the .curve above at the point where

X = 3.0

xs,



/

'1.

i

.

.

aule a tangent to the curve above at the point where

X = 4.0 (

i'

I-17
rik 10

<..

/

4j



5/2(B)-9(b)

iv
9

.
\

8
\

7

6

I 5 ;

4

i 1

I AMIIII
An

l

9 1

hil -2

3

4

I

5

6

If

7

1111 11111111
,

8

\

1111. 9

in.
41

Rule a tangent to the curve above at the point where

X = 3.0



BASIC SKILLS OF GRAPHICAL INTERPRETATION

SUBDIVISION ANALYSIS SET 513(B)

NAME , AGE

SEX;

"SCHOOL CLASS

DATE

INSTRUCTIONS

Read each question carefully, then write

your answer in the space provided. Try to

guess the answers to any questions you do

not know, but do not waste time on more

difficult problems. All answers should be

given to the nearest decimal place, and

any other calculations may be written.on

the back of the page. The sign of an answer,

where this applies, Should be either positive

(+) or negative( -).
ray



0.y

5/3(B)-1(a).

15

Rule a tangent to the curve above

758



O

2

'2

O

5/3(B) -1( )

ke'

X

Rule a tangent to the curve above at A.

41,



0

2

4

5/3(B) 2(a)

O

Rule a tangent to the curve above at A.

01

ry

4. I

X



rule a tangenl*to the curve above at A.

O

:0



5/3(B1-3(a)

Rule a tangent .to the curve abov at A.



.0

V

5/3(B) -3(b)

Rule a tangent to the curve above at A.

0



5/3(B) -4(a)

Rule a tanbent to the curve above at A.



t

d

4

o

,

I

.

,

.

.
!

.
.

5/3 (B)-4:(14.

. . --F

.,

Rule a tangent to the curve above at A.

, .

,

o

..

e..

. ..
e,C.--:

i (.1t)

.,,

,

.4

.

.

o

v

\

,

..



4
C

-.5

17

5/3(B)-5(a)

--7

/

. /
Rule a tangent to the curve above at A.

. .

0

4...1411,

0



V

Rul a

4

tangent to the curve above at A.



0

BASIC SKILIS OF GRAPHICAL INTERPRETATION'

,

-,sraii 6/2SUBDIVISION' ANALXSIS

'NM!'
1-.

, AGE-

/ V SCHOOL

J

-1

SEX

k

I

hl

CLASS
9 t

DATE

INSTRUCT,ION.

r
Read each auestion carefully, then write

yoUr answer in the apace 'provided. -Try to
,

gu-4-s- the answers to any questions you do

not know, but do not waste time on more

problems.: All. answer^ should be

given 'to the nearest decimal place, and

any other cal:Ailations may be written on

-the brick of the page. The 4sign--6f.--an__:answr,

.

,whenis applies, should be eithirTpositive

( ) or negative -);

N

O



4

20

18

16

6/2-1(a)

12

10

8s
6-

2

,50 -45 -40 -351-30 -25 =20-15 -10 -5
-2
-4

-6

8

-10

40.

5 10 15 20 25 '30-35 40 45 50 X

Calculate thethe area between the line AB and the

horizontal (X) axis.

ANSWER

(number)

F`)



20

is

116

12

10

6

6/2--1(b)

-50-45 -40 -35 :30=25 -20 -15 -10 -5

6

8

-10

-12

-14

-16

-18

20

10 '15 20 25 30,- .35- _40,-45. 50

Calculate the area between the line AB and the

horizonta1*(X) axis.

(number)



Y
20

-50 =45 -40 -35 -30 -25 720 =15 -10 -5
-2
-4

6

-8

-10

-12

-14

-16On -41

-16

20

5 :10 15 20 25 30 35 40 45 5

.1)

Calculate the area between the line AB and the

horizontal (X) axis.

, ANS'BR

(number)



O

aw

d.

20-

18

16

14

12

10

2_

6/2-a(b)

o.

A

_

-50-L5 =40 -35 -30 =25=20 ,15 -10 -5- 5
2,

-6.

8
-10

12

-14

-16

18

-20

10- 15
X

30.-35 :40- 45. 50

IMO

An.

Calculate the area between the line AR and the

horizohtal (I) axis.

ANSWER r

(number)



20

16

16

7;,

0

6/23(4)

12

10

8

B

-50 -45 -40 -357 30 =25 =20 -=15 -16 -5
-2

4

-6

-.8

-10

-12

-14

-16

-18

20

5 ''10.:15° 25. 30 35 40 -45 50,
X

;Calculate the area between the line AB and 'the

horizontal '(X) axis.

(number)

1773



a

Y.
20

18

16

14

12

10

8

6

0

. 6/2-:.30)

B

-50 -45 -AO -35-' 0 -25 -- 0 "10 "5 5 10 '151 20 -25 30 35 40 45 50 X

-6

a

-10

-i4

-16

-18

-20 .

O.
. a

Calculate the area between the line AB and, the

horizontal (X) axis;

ANS7IER

c

I

(number)

774



.4

2

S.

Y

18

16

14

12

10

6/2-4(a)

50 =45 40 35'= 30-725 -20 =15 10.:

V

_2

6'

8
10

12

14

16.

18

20

5 10- 15

Mal

25 30- 35 40 45 -50

1.11

11,

Ala

r

a

Calculate- the area between the line AB, and the

horizontal (X) axis.

ANSWER

(number)

`)"`,2r
F

a



c.

O.

o.

4

-50-45 -40 -35-30'-25 -20 =15 5

de,

-6/2-4(:o)

6

10 -15. 20 25 40.35 40 -45- 50

AP-

*4.

Calcjxlate the area between the line AB and the

horizontal (X) axis.

ANSWER

S

(number)

776.

e^

"



''su

6.

Y
20.

18

16

Im 11111°

1

10

6

1

-

ro

B

-550 -45:-40'-35 -30-25-720':15 -10
-2

5 10 15.-20 25 30 _35-40 -45 50

-4

c>

-6

-8

-10

12

14

16

,18

-20

.a.

Caloulate the area between the line AB and the

horizontal (X) axis.

ARMER

(number))



0

6

--50 -45

.r
1

Y
20

101

16

14

-12

10

8

6

-30--25.:20

_

,116
O.-

:

-4

10 15 20 ;25 30 35 40 45..

6
8

-10

-12

-U'

OP.

/IL

Calculate the area between theline AB and the

horizontal. (X) axis.

A:1St:1BR.

number)

itr)PJ
4

( b)

a°

,



s.

.t .

arlapi.1

15

13$

i2

10.5

9

7.5

6

4:5

X1.5

6/2-6(d)

.
-25 - 225 -20- 17.5 -15 -125 - 10- -7.5 -5.0 -25

5

3

.5

A
_ ..

_

t"'
-Air

1."1...

I /1ftw- Om

4. , . .....

..-"--
I

-1

ga

...

.*:

.

I, 41

6

5

.5

12

5

15

5 50 Z5 10 12.515 17.5 20 225 25

AM-

.CalOttle the area between .the line AB and the

liorizontl (2) axis;

AIT,3WER

0

(umber)

79



4

. /
15

13$

2

10.

9

7.5

6

4.5

3

1.5

N1,11111111
IIIMIIIIIIMINIPIMa MENUMil IIMI
1111111111111111111111

-25 -225-20-175 -15 -12$ -10 -7.5-5.0 -2
1

..

a
/

4

. . .

.

I -1

k

3

6

.5

9

.5

2

.5

5

2$ 5.0 75 10 12,5 15 17.5.20 22.5 25

0

CalcUlate the area'beiween the line AB and the

horizontal (X axis.

ANSWER .

(number)

virdtit/

4

V.

-4
I

v



7 0 /

<:>
(aactumu

1171`,SITIr

spca .(x) req.uoz-port

01:11- litre EN aUTT 9111. .uaamq.act saxe agq. avertiorso

I yra
bz-

L 9 ,s

14.

-41

CO Lz/ 9

8-

9

Z

-

01

Z1

4/1

91

- L- 9- .6-

OZ

A.

O

4



r.

-10 -9 -- -7 -6-

Y
20

i8

16

14

12

10

8

6

4

-2 -1
-2

6

-8
10

12

14

-16

-18

20

6/2=7(b)

11/

5'

Calculate the area between the line AB and'' the
o

'horizontal (X) axis.

ANUER

(nUmber )

9 10 )C



.n

20

18

16

14

12

.8

6

6/2-8(a)

-1.0 - 0.8 - 0.6 -3,5 - - 0.2-0.1 . 0.1 02 0.3 04 Os bs 0.7 08

.

- 74
- - . --- -- 6

8
_

.
1 .

. ,

,..

14

l
1

10

12

7 ---

21

Calculate the area between the line AB and the

horizontal (X) axis.

ANSWER

(hUmber)



20

18

16

14

12

10

8

6

4=

-1 74A -0.7065-114-0.370.2-0J

-4

-6

711

10

12

14

16

-18

-20

Calculate the area between the line AB and the

horizontal.(X) axis.

ANSWER

(number) .

WA
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41ASIC SKILLS OF GRAPHICAL INTERPRETATION

2/1

SUBDIVISION ANALYSIS . 'SET 6/3(A)

NAME

SCHOOL!,
e.

.-
SEX

DATE

AGE

CLASS ,

INSTRUCTIONS

Read each question carefully, then'write

your answer in the space provided. Try to

guess the answers to any questions you do

not know, but.do not waste time ommore

difficult problems. All answers should be

given to the nearest decimal.place, and

any Other calculations in'ay.tie written-on

the back of the page. The sign of an answer,

where this applies, should, be either positive

(+) or negative (-)'.

8 5

ea-

e



-1

ct,

A

'" Mark. with a circle the- nuillber of. each square above in

which the shaded area,represents at 'least half the

total area of the square .

ft /.p(313 :7



6

6/3(A) 1 (b)

7 --

Mark with a Circle the -number of each square. above iii"

which the'.6haded area represents at least half -the

total area of the square.



Mark with a circle the number -of each squareailove_in

which the- shaded area represents at least half the

total area. of the square.

'788

O



6/3(0,2(b)-

.

Mark with a circle the number of each square above in

which the shaded area represents at leapt half. the

total. area

dm/



.SKILLS- -in-:GRAPHICAL INTERPRETAT-ION

.
:

SUBDIVISION ANALYSIS_- SET 6/3(8

NAME

-

SEX,

AGE

SCHOOL CLASS

DATE .1

INSTRUCTIONS

Read- each question -carefully, then write

your answer in the 'space provtded. Tryi to\

- guess the answers to any. questions you do

no tknoisi,Jbut -do not waste time on more

difficult problems-. All -answexrs7--should_be

given to the nearest- decimal place, 'and

any ,oth-er. calculations may be written on

the back of the -gage. The sign, of. an - answer,

where this applies, should be either' positive
. 0 .

(±) or .negative .(-).



Calculate tae ae area the.rctartgle above.





,

O

J

5.4

CCalculate the areEt-i of t rectangle
.

.above-.

a

I.

V.

(number)

O

4t-

A

6/3(B)-11(a)

1.5



,;.

.1

-77

C

c 4..9
-=

Calculate 'tile area of the rectangle above.

I

. 'ANSWEa'

.I ( number)

,

.

,C

4

1

o

- -

6/3(B)-Z(b)

1.3
. 4





.ar

4

Lp

ab

, .s.

..,_ <-

Cal'adiate*the areas of the rectal-tie above.

, ...

<

(number)

796'

o.

6/3(B) -3(b).



e

Calculate the area

ANSWER .

(number)

.60 eL

0.7

the rectangle above.

797



. Calculate the area of the rectangle above.



.'

BASIC SKILLS OF GRAPHICAL, INTERPRETATION-

SUBDIVISION ANALYSIS SET 6/4(3)

NAME. - AGE

SEX

SCHOOL CLASS,

DATE

INSTRUCTIONS

Read each question carefully, then write

your answer in the space provided. Try to

guess the answers to any questions iouf&

not-know, but do not waste time on more

difficult problems. All answers should be

given to the nearest decimal place, and

any other calculations may be written on

the back of the page. The sign of an answer,

where this applies, should be either positive

(+) or negative (-),

799



Complete the following calculation.

7 x 9

outout'

"

6/4(B)-1(a)



6 -

0

o

Complete-the following calculation. -

3 x 6

....J.....



4

; .

.Complete the following calculation.

9 '

4.7 x 6.6

802

6/4031,4(a)



e

Co)lipletethe-:tollowingcalcuIatibn.

8.2 xQ 2.8

2

ale

003



e-

Complete the following calculatiori.

AB
a

'1 I

o

.

'6/4011) (a)

f



.Comple7te the folloangcalculation.

I'

8 x 1

r 805
.

e

'
'6/4(B)-3(b)





t

2

S

Complete the followlat.eAlculation..

.14

0.9
-

io

,
.fi/4(B)4(b).

-
'" w

0.

1

, .
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INSTRUCTIONAL AND' TESTING .MATERIALS .

4JSED. FOR THE MAJOR VALIDATION STUDIES

tr.

C.



VALIDATION
PROGRAMME

II

SEQUENCE OF PRESENTATION

SECTION
Jr

NUMBER OF
PAGES

1 17

2 17

3 13
.

1 17.

17

3 13

1 17

17

3 13

1. The preparation and-deVelopment of Validation Programme I is
0

described in Chapter VI (Volume I), and subsequent modifications are

outlined for Programmes II and III respectively in thapters VII and

VIII (Volume I).

2: The definition and classification code for each element or

basic'skill is presented in Tables 5/4-5/10 (Chapter V), and a list

of the relevant stibdivisional conditions is presented for Programmes

I and II in Table 6/2 (Chapter VI), and for Programme III in Table

8/1 (Chapter VIII).

.81g .



3. The' presentation sequence of basic and subdivisional skills

for each section of the,Vaiidation Programmes

6/1 (Chapter VI);
'V

81 9

is outlined in Table

I

0



BASIP__WILLS-OF-GRAPRICAL INTERPRETATION

PROGRAMME SECTION'

NAME AGE

SCHOOL

SEX

DATE

(years) (months)

CLASS

INSTRUCTIONS

As you work through this programme, read each

question carefully, then write your answer in

the spabe provided. Any other calculations

should be written on the BACK of the page. If

you are not sure of.the answer to a question,

take a guess and go on to the next example.

813

tl



This is a HORIZONTAL NUMBER LINE with posItions marked

.fromlOto 10.

A

1 2. 3 4 '5 6 7 8 9 10

O

The position of A on the number line above is 7.
r-

a

t I

0 1

a

3 4 5 6 7 9 10

Calculate the position of B on the number'ine above.

ANSWER B =

Calculate the position of C on the number line above.

ANSaER C =

814



This is a VERTICAL NUVBER LINE.with positions marked'

from 0 to 10.

The position of A on this number

line is 4.

107

9-

8

7

6

5

4

3

2

0-

B

10

9

8

7

6

A
3

2

1-

0--

Calculate the position of B.

ANSWER B

Calculate the position of C.

ANSWER C =



x.

Let us now combine the Horizontal and Vertical number lines

to form a GRAPH as shown in the diagram below.

VERTICAL

AXIS

,(or Number Line)

,1(

10'

9

8

7

4

,

A

,

. .

.

.
.

_

. ,
...._ ,

,
0 1 2 3 4 5 6. 7 8 9 t

5

4

190' 3

2

HORIZONTAL

0 X AXIS

(or NUMber Line)

1/3.

Any point within this graph can.now be easily found if we

know both its Horizontal Position and 'its Vertical position.

These may be calculated in the following way ;- 1

The HORIZOTAL POSITION of a point is its distance from 0

measurod along the Horizontal or X axis. This is shown for

the point A in the graph above as X(A) = 4.

The VERTICU POSITION of a point is its distance from 0

measured along,the Vertical or Y axis. Ibis is shown for

the point A in the graph above as Y(A) = 6.

8ab



Y
10

9

8

7

6

4

3

2

1

A

0
1 5 6

xi)

7 8 9 10

Calculate' the Horizontal position of 'A.

sY ANSWER X(A) =

7

Calculate the Horizontal positioh of B.

ANSWER X(B) =

Calculate the Vertical position of A.

ANSWER Y(A) =

CalCulate the Vertical position of B.

ANSWER Y(B) =

817

t.



_ 11

115

'140., can find the position of any PO1NT 014: A LINE,02. ing

the method described in the example below.

O.

EXAITLE

Calculate the Horizontal

position of'A when

-Y(A) 7.

METHOD

le

Y(A)

10

9

8

7

6

5

4

3

2

1

0,0

A

3 4. 5 6 7

(1) Find the given position Y(A) = 7 on the Vertical Axis:

(2) Move across to the line and mark

the same Vertical position.

the point A which haS

(3) Calculate the Horizontal position of t4is point, as

-shown on the graph above.

10":;"ii:11

X(A) = 8.

81

lox



The two points A and B both,

lie somewhere on the line

shown in this graph. 10

9

Y(A) = 3. Y(B)1 = 6.

Mark the positions A and B 6

On the graph. y> 5

4

Calculate the Horizontal 3

po'sitior of A. 2

. f

ANSWER X(A) = 0-
0

Calculate the Horizontal

position of. B.

,a

1 2 3 4 5 6 7 8,9 10)p(

AnSWER X(B) = The two points C and D both

lie somewhere on the curve

6

5

4

3

2

1

0

.
.... .'

\ .

, -

\ ,

.\
I 1

0 1 2 3 4\ 5 6 7 8 9 t

1

X

shown in this graph.

Y(C) = 2. Y(D) =.9.

Mark the positions C aAd D
-717-
on the graph.

Calculate th Horizontal

position of C.

ANSWER X(C)

Calculate the Horizontal

position of D.',

AI SWER X(D) =



The two piints A and B both -

lie somewAre'ot the lifts.

shown in this graph. 10

9

X(&) = 4. .1C(B) = 10.

7

Mark the positions A and B 6

on the graph. 5

4.
.

Calculate the Vertical 3

position of A. ,

Y*

ANSWER Y(A) =

.., Calculate the Vertical

pdsition of. B.
"V

ANSWER Y(B) =

Y
10

9

8

6

5

4

3

2

0

-..

.__

,

i

,
0 1 2 3 4 5 6 7 8 9 ii

0

.1.

- _ -J.1...

1 PPP"

a . .
_.

..
,

,
.

.

i .
.

. ..
. .

0 1 2 3 4 S' 6 7 8 9 II

The two points C and D both'

lie somewhere on-the-curve.

*shown in this graph.

x

X(C) =-8. x(D) = 5..

Mark the positions C and D

on thi4 graph.
.

Calculatethe Vertical
position of C.

AMSWER Y(C) =

Calculat? the Vertical

position of D.

AMSWER Y(D) =

-1/7*'

9 %

,



In7order to find) a stain POSITION BET*EEN A ROW OF POINTS,
. /

use the method described in the following eAample.
,

. ,

, s
EXAMPLE

10
k,

9

. 8
0.

7

6

5

4

3
Y(A)

2

0

,

Cal6ulate the Worliontid

position 'of A when

"Y(A) = 5.
.

. METHOD

w

I

(1) Rule a lino-through each of the point:.1, as ihown on the

., _
# a

0
4

1:...=1..).Lum.....
...

A -- ...
...

.....

. .

... .

.. .

.

.

,
.

.

...

0 .2 3 '4 5 6 7 8 9 li

2craph above.
. .

(2) Find the point on this line which hasca-APertical

position Y(A) = 5.,

(3) Calculate the Horicontal position of this point.

X(A) = 6. -1

051



O

The two points A. and B,bOth

lie somewhere between the

row of points shoin.on his
graph. V

10

.11

4'

3

2

1

0

1/9.

.... . ,

. .

'.'

.

X .
2

I2
..

0 !1 2 - 3 4 ; 6 7

Calculate the4Horizontal position. of A when.Y(A) m 4.

ANSWEft X(A.) =

:Calculaie the Horizontal . sition of B when YO) = 6.

4 0

ste

t



r! k'il
.

. .

),

1/10

In order' to find a cert n POSITIOk-BEIOND k- GIVEN LINE OR t

wi 4*R01110F,POINTS, follow instructions,descrilf;ed-in the

,example below..

0

.40

. .. y

9
a4141PLE__:_

i D.---
,q.

,_

, . :
__

_,
,

-CalculaAp the Horizontal
e t

positn.of./1 WheA

Y61) = ./.
.

,s.... 440

TO) 3

2

01'

C

.

.

0 1. .2 3 4 5 6 7 8. 9 11

X,(4).m.....M)

METHOD

(1) Rae a line through each of the points (unless a 1,1.ne-

is given in the problem).

(2) Ektend this lifie, as shown in the graph above, until'

it reaches the Vertical position Y(A) g 7.

(3) Calculate the Holzontal position of this point.

ANSWER

X(A) = 9.

\



The two points A and B both

lie somewhere beyond the

line shown in this graph. Y
10

9

Calculate! the HoriZontal
I ,

position/at A when Y(A)

ANSVIDI x(A) =
4

3

2

Calculate the Horizontal 1

position of B when Y(B) = 0

ANSWER X(B)

a.

8

7

6

5

4

3

2

0

)(
)(

.

,1

0 1 / 2 3 4 5 6 7 8 9 t

T

, .

F.. ..

.
i

.

0 1 2 3 4 5. 6 7 8 9 ti

The two points C and D both

lie somewhere beyond the row

of points shown in this 'graph.

Calculate. the Horizontal

position of C when Y(C) = 5.

ANSWER X( C )

Calculate the Horizontal

X position of D when Y(D)

ANSWER X(D) =



.

Calculate the Vertical

position of A.

Y.
10

. 9

8

7

6

5

4

3

2

4N8W13 Y(A) =

Calculate the Vertical

10

9

a

7

6

5

4

3

position of B. 2

ANMER Y(B).= o
o

B
X

Ax

to-

0 1 2 3 4 5 6 7 8 9 10

1 .2 4 51 6 7 9 10X

The two points C and D both

lie somewhere on the curve

Shown in this graph.

Calculate the Vertical

oSitian.of C when X(C) = 4.

ApN tal Y(C) =

X 'Calculate the Vertical

position of D Wherik(D) = 9.

r' orir
(3,-LO

ANSWER Y(D)



The ICI KIMUM Value of a curve is equal to the HIGHEST

VERTICAL POSITION on the Curve.

The Maximum

this Curve

= Y(A)

= 8.

Value of

Ya)

10

9

8

7

6

5

4,

3

2

1

1113

A 10-

o
o

1.

2 3 4 5 6

The YINIIJUM Value of a curve is equal to the LOWEST

VeTICAL POSITION on tile curve.

10

9

a

7

6

5

4

3

2

Y(B) 1

1 0
o

B

2 3 4 5 6 7 8 9 10"'

7 8 9 10

The Minimum Value of

this curve

Y(B)

= 2.



Calculate the Raximum

Value of the curve AB.

10

9

8

7

6

5

4

3

2

1

00

ANSWER YAX =

C

2 3 4 6 7 8 9 10X

,10
9

8

7

6

4

3

2

1

0

H4 A

\

0 1 2 3 4 5 6 7 819 ii

.Calculate the iviaximum

Value of the curve CD.

ANSWER MAX =

a

1/14



Calculate the Minimum

Value of the curve AB.

-ANSWER YIN =

10

9

*8

7

6

5

4

3

2

1

0
0

D

2 3 4 5 6 8 9 10

10

9

8

7

6

5

4

3

2

1

Al

B
.

.

/

/
0' 1 2 3 4 5 6 7 8 9 11

Calculate the Minimum

Value of the curve CD.
'1

ANSWER MIN =

q

1/15



The TURNING POINT of a curve is indicated by a Chang., in

Vertical Direction along the curve, as shown in the-

examples below.

Place a mark (4D) at the Turning Point on each of the

following curves.

>x

89



1/17'

the Turning Point of a curve has ,the HIGHEST Vertical.

'position on the, curve, it is called aAAXIMUM TURNING POINT.
I

If the TUrting Point of a curvehis,the LOWEST Vertical

position on the curve, it is called a MINIMUM TURNING POINT.

Show which of the following curves has a MAXIMUM Turning

Point, by writing the number(s) in the space below.

ANSWER



I

BASIC SKILLS OF GRAPHICAL INTERPRETATION

PROGRAMME
11111110

NAME

3

SEX

SECTION

AGE

(years) (months)

SCHOOL: CLASS

t

DATE

INSTRUCTIONS,

As you work throUgh this programme, read each

question carefully, then write your answer in

the space provided. Any other calculations

'should be written on the BACK of the page: If

you are not'sure of the answer to a question,

take a guess and go on to the next example.

831

J e

.1



S. A Blit I I ti-t -

0 1 2 3 4 S. 6 7 8 9 10

calculate the position of'k on the number line above.

?
/

ANSTia k=

Calculate the position of B on the number line above.

ANSWBR B =

.Calculate the position of C.
.

Calculate the position of D.
fil

Complete ihe following calculations.

le - 5 =. 9 2 =

832

10
9

8-

7 C
6

S

4

3-

2

1---
0-



=

The DISPIACEMENT between two poiilts is the CHANGB IN

POSITION'from one point to the other.

EX.11:11')LEI

The Displacement

from A. to B on' the

A
. .1 ,

0 2 3 4' 5 6 7 8 1

number line above = Final Position - ..?irst Position

( call this AB )
B - A

8 - 2

6

0 1 2 3 4 5 6 9` :10

Calculat,1 th Displacement from C to D on the numbei- line

abcve.

AN6TO 01) =

E F
III I I I. a I I '1

0 1 2 3 4 5 6 7 8 9 10

'alculate the Displacement from r, to P on the number line

,above.

:IN 3% fEl? =

833

.2/2

'1

.



',Thesame 'rule can also be used to calpuldte the Displacem&tt

between two points on a Vertical number line.

10

9

Calculate the Displacement.

from A to :B. 7

6

A.NSTE2 1;13 = 5

4

3

1

0
C

10

9

Calculate he Displacement 8

fiiiiTto D. \ 7

ANSIER 'CD =

4

3

1

0

- r.

C



--a

Y
10

9

e

7

6

5

4

3

2

0

,%`'

_

.

_

..r1:10

.

)(

,

A

.
. -.

.

0 1 2 3 4 5 6. 7 8 .9 11

_ .

Oalculatm the Horizontal position of A.

.AN§ViER X(A) =

Calculate the Horizontal.position of B.

t

ANSWER X(B)

th Vertical position of A.

Y(1)=

Cqlculate IorLidal position o B.

ANSWER Y(B)

0*

4.

..

t

r



a

The HORIZKTAL DISPLACIENT

is the CHANGE IN HORIZONTAL

other - that is the change

0

between two points on a.graph,

POSITION from one point to: the

'in poktion measured along the

Horizontal or X-axis.
4111

ENLAMPLO

7...

Y(AB)

10

9

6

7

6

4

3

2.

1

0

The Horizontal
,

Displacement from

A to B (Called X(AB))

= x(B) - X(A)
,

7 - 2
s.

5'.

,

_

.....
ke-

c ,

1

.

.
.

a -
A

as

,

0 1 2 3 4 5 6, 7 6 9 1 i

X ( AB )

TheVERTICAL DISPLACEMT between two points.oh a graph

L..4.8.the CHANGE TN VERTICAL POSITION' from one point `to the

othor - that ia;'ehe change in position measured along the

Vertical or Y-axis.

Ek.klit.PLE

.

'The Vertical Displacement

from A to B on the graph

above (called {(AB))

Y(B) Y(A),

z 9

6. s
.

1 to



Calculate the Horizontal

Displacement from A to A.

Y.
10

9

8

AESWEH X(AB) = 7

;CalCulate the .

'Displacemerit ,om A to IL

10:

9

8

7

6

5

4

3

2

YCAB =

mi

,.4.
Yu.

2 3 4 S 6 7 8 9 10v

6

5

4

3

2

0.

I,
\..,

.
,

. of. .

)94 \
,

...

0 1 2 3 4 5 6 7 8 9 11

Calculate the Horizontal

Displacement f:-.)m C. to D.

O

ANSWER X(CD) =

Calculate the Vertical

Displacement from C to D.

AVSWER Y(CD)

a

'NW



I

,/

Complote the following, calculations :-

0

The SLOPE 0? A

!ITRAI1HT LINE

The Slope of

line AB.

8

2

VERTICAL DIStLACiIMEET--

HORIZONTAL DISPL4CEMENT

B

X(AB)4

x

2/7,

Vertical Displacement from A to B

Horizontal Displacement from A to B

Y(AB)

X(AB)

6

i838



Calculate the Slope of the

line AB.

Y

kNSWER' Slope =

x

.11.411,

3

I

2/8

Calculate the Slope of the

line CD.

1NSWER Slope =



10

9

8

7

6

5

4

3

2

1

0
0

\ Calculate the Horizontal

Displacement from A to B.

AITS1ER X( AB) .=

Calculate the Vertical

Displacement from A to B.

ANSWER Y(A) =

Yo

cx

1 2 3 4 5 6 7 8 9 10

10

9

7

6

5

4

3

2

2/9

/O.

2 3 4 5 6 7 8 9 10 .).(

Calculate the Horizontal

Displacement from C to D.

AN X(CD ) =

Calculate the Vertical

Displacement from C to D.

X
ANSWER Y(CD) =

810



2/10

In order to calculate the SLOPE OF A STRAIGHT LINE from a

kraph, follow tht method described in the example below.

EXAYPLE

Calculate the Slope

of the line AB.

METHOD

Y
10

9

a

76

Y(AB) S
4

2

00

4

4

41,

A..

1 2 3 4

X(AB),

5 6 7 8 9 10X

(1) Calculate the Horizontal Displacement ( X(AB) = 2.) and

the Vertical Displacement ( Y(AD) a 6.) from A to B, as

shown on the graph above.

(2) Use these "figures to calculate the Slope of the line AB,

using the method shown on page 2/7.

ANVE1

Slo.pe of the line AB
Y(AB)

X(AB)

6

2

3.

8 1



2!11

Calculate the Slope of the

lihe AI

. 10-

9

7

6

.0.1111

ANSWER Slope =

5

4

3

2

1

°0 1 2 3 4 5 6 7 8 9 10 X

10

9

8

7

6.

5

4

3

2

1

0

.
.

i-

_.

.
A

, .

0 1 2 3 4 5 87 8 9t

4

Calculate the Slope of the

line CD.,,

ANSWER Slope =

8 12



The TANGENT to a curve is a straight line .which touches the

curve at only one :point, as shown in the example below.

-

EXAJOLE

(1) The line AB ,is a tangent (g).The line .CD is.not

to the curve,' touching it at tangent, since it cuts

the point P. across the curve at P.

Rule a Tangent to each of 'the curves below at the pOint P.



Y
10

9
O

7

6

5

3

2

Mark the position of Aon

the curve, where X(A) = 8.

-41

1 2 3 4 5 6 7 8 9 10
X

811

10

9

e

7

6

5

4

3

2

1

0

-41

1 2 3 4 5 6 7

2/13

8 9 10X

Dark the position of B on

the curve, where X(B) = 4.



10

9

8

7

6

5

4

3

2

Y
10

Rule a Tangent to the curve

at the point A where

X(A) = 3.

0
0 2 3 4 5 6 7 8 9 10"

y

9

7

6

5

4

3

2

1

0

2/14

--
% ,

'

..

,MmIMMMF

- --: --_ -.a. ...- .1

X...

0 1 2 3 4 5 6 9.10"'

. Rule a TanRet to the curve

at the poinwhere
X(B) 6.

L;1



14?

10

9

8

7

6

5

4

3

2

..

-4"

yr

o

a
ethe_SloPe_o_fe

line AB.

6

UTSIra Slope = 5

:
3

2

C
2 3 4 5 6 7

1

9. 10 X

B

44-

A

0 1 2 3 4. S 6 7 8 '9

Calculate the Slope of the°
line CD.

(7

ANSWER Slope =

D

X



2/16

The Tangent to.a curve. has the same slope as the curve at /
-a

the-point of contact. This 'tears that. -we can, now calculate

the SLOPE OF A CURVE at any point; using the meth

described in the example below.'

10

I 87

Y(AB) 6

XADTLE

3

Calculate the Slope of 2

the-curve at the point 1

P where X(P) = 3. 0

9

.1,1ETHOD

.
.

. .
_ .

. f

A
_.., ,

...
0 1 2 3 4 5 6 7 8 9 11

X(

(1) Ma' k .the point P on the curve where-X(P) = 3.

(2) Rule a Tangent to the curve at this point, so that the

ends of the Tangent are whole numbers (marked A and B

on the graph above)

(3) Calculate the Slope of the Tangent AB using the method

shown on pace 2/10.

(4) This is the Slope of the curve at the point P.

ANISVER.

Slope =

Y(AB) 9 - 3 6

X(AB) 7 - 1

,

4111.1110

6



Calculate. the Slope, of the

_curve at the point A -

yhere X(A) ,=

...----7--;----111451E1T Slope =

Y
10

9

6

7

6

5

3

2

1

0

. .
. ,

. ,

1

I ,. ..-

..""--.....-------
.

11

0 1 2 3 4 5 6 7 8 9 11
x

y
10

9

L

6

5

.3

2

1

0

2/17

-

..

(

.- -. ,

.

0

0 1 2 3 4 5 6 7 8 9 1

Calculate the Slope ofthe

curve at the point B

where X(B) = 7.

ANSW Slope =

o.
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,BAS IC SKILLS OF GRAPH ICAk INTERPRETATION

SECTION

NAME-, AGE

(years) (months)

SCHOOL

SEX

DATE ".

INSTRUCTIONS

CLASS

C 4

As you work through this programme, read each

question carefully, then write your answer in

the space provided. . Any other calculations

should be written. on the, BACK of .the page . If

you are not surd Of the answer to a question,,

take a guess and go on to the next example.

89
rf



Complete the following calculations

442=

tJ

5 x 3
%

37 x 4 . 29 i 5 =
.

3/1'

I.

e can use the following formula to calculfqp the AREA

"of, ani; rectangle or square.

\I

AREA = LENGTH cc HEIGHT

Use this.formula.tO calculate the,Area of the followin

figures..

7

1 2

r

6

3

ANSWER Area

0 'ANSWER Area =

p8D



V

/ )
(1.1.h, same fo ula can also be used to ,calculate the AREA OF A

GRAPH, or. f any square section of a. i1gra.ph.: ,-
7 ---- ----a. ,,

-row each 'graph de made up of many small blocks, each of the
same size, and the AREA OF EACH BLOCK is given by the

formula Ara := length x Hoight _S3.8i shown on page 3/1.

,

C3.1(culate tie Area'

-o-f- a single block

on crlph.

c

c.

HEIGHT

(H)

Y
.20

18

16

14

12

10

-13

6

4

2

I

.11.

0
0 5 10 15 20 25 30 35

LENGTH (L)

40 45 50

T;:; I ty4PT, (L) each bloci:c is shown on the Horizontal

and the Hz;IF T (H) is shown on,the Vertical Axis.

itts -1-;c:vuiple, the Area

of a single block on the

1'

= LF,NGTH (T) x HEIGHT (H)

5 x 2

= 10 units.



r

N

Caloldate the Area of a

single:blook on this

graph \.

\

ANSWE:i Area =

7

6

5

4

:3.

2

Jj

0 5 10 15 20 25 30 35 40 45 50 X

8

6

4

2

0

. 313

11
111111

2 4
.--.............

6 8 10 12 14 16 18 2

Calculate the Area of a

single blink on this

graph.

AN3W&R Are =

0



3/4

Now we can calculate the AREA OF ANY SECTION OF A GRAPH,

b: counting the number of blocks in the section and using

th'e following formula

The TC,1l, ARE A% Area of a single

of at Section' Block.

Y.

18

16

EXA.1 ILE
12

10
Calculate the Area

below line AB
8

on this graph:
6

4

0

x
Total" liumbr of

Blocks in, the

Section.

.....
...

.. 1 it

.... B

.

.

.
. , , .

.

5 10 15 20 25 30 35 40 45 50

(1) Calc "late the Area of a single block on the graph.

(2) Count t,:e total number of blocks in the section - each

')lock to be counted is marked with a dot () on the

graph above.

(3) Calculate the Total Area of this section, using the

formula shown above.

(r;xample" r:ontinued on -page 3/5)



EXAMPLE (Continued from pri.ge 3/4)

ic;mc of the blockr; in tl'1 section to be counted from the

frnph on page 3/4 ate cut by the line AB. In such a case,

we use the following rules for counting r-

'(a) If le'ss than half of the block is included in the area

we wish to calculate, then do not countthat block.

(b) If half or more.of the-block is'included in the area

we wish to calculate, then count the whole block.

In ti'is example, each block to be counted in the section

is marked with e dot () on the graph (page 3/4).

AL3IPER

The Area ot a single block

(as shown on page 3/2) = 5 x 2

= 10 units.

The votal aumb-r of blocks = 39.

The Total 1rea _Total number of

of t'le sec .ion Area of a single
x blocks in tne

block
A AB section

0

10 x 39

390 Units.

O

3/5



Calculate the Are.t of a
a

single block on this

graph.

. Area

6

5

2

0
5 1-0 15 20-2-5 -30 35 40 45

(1) Park with .% dot each block you would count to calculate

the 'area below the line AB on the graPh,above.

(2) Count the number of blocks you have marked.

klASWER

(3) Calcufate tie Area of the section below the line AB on

the graph above.

iNSUR Araa =

3/6



Calculate the Area of a

single block or this

;raph.

AUSTrIl Area =

20

18

14

12

10

a

6

4

2

0
0

3/7

C

2 4 6 8 10 12.14 16 10 20 X

. (1) Park with a dot each block you would count to ca3culate

the area below the line CD.on the graph'above.

() Count the I'D

,NOINMOM

er of blocks you have marked.

ANS .VEP

(3) Calculate the Area of the section below the line CD on

tae. graph at;Dve.

ANSWER Area =



Qalaulate_the krea of a

:Angle block On this

g-raph.

IS4ER ..rea =

10

\

6

7

6

5

4

3

2

1

0

.
b... .

SPIN III
fi 111.

III
.

25

\

30 35 40 45 510 15 20

3/8'

0 X

(1) Yark with a dot .e.ch block you would count to calculate

the area below the curvesAB on the graph above.

(2) Count the number of blocks you have marked..

AIWER

(3) :;a1Qulate the Area of the section below th curve AB on

the graph above.

O),

ANSWER Area

0



Calculate the Area of a

single blodkOn this

graph

20

18

16

14

12

10

INSWIM Area =

6

4

2

0

_ -

l

.

.

.

0 2 L 6 8 10 12 14 16 18 2

(1) Lark with a dot each block you would count to calculat%!

the area below the curve CD on the graph above.

(2) Count the number of blocks you have marked.

ANSWER

(3) Calculate the Area of the section below the curve' CD on

the graph above.

ASWER Area =



hark the position of A on

the line, where X(A) = 25.

V

No

4,1- 117:114. yallof .1t, 1 "r7M/IMMOO X

10

9

0

5

4

3

2

1

0
0 5 0 15 20 25 0. 35% 40 4, 50

Dark the position of B on

the line, where X<B) = 16.

S

3/10

X

'6



liark'thd position of A on

t curv.e, where X(A) = 35.

20 r
10

16

14

12

10

I
o.

0 2 4 6 0 10 12 4 16 8 2

V
10

q.

.7
6

5

4

3-

2

1

0

--.1-1---1

--

I.

n 5 10 15 20 25 30 354-0..4 5 5

y

kark the position of B on

the curve, where X(B) = 12...

850



_c X Y

Calculate the Area below

he line in this sraph

from A to B, where-X(A) =

and X(B) = 45.

..AN'.3dER Area =

10

.

10

7

o

5

4

3

2

1

0

2 4 6 0 10 12 14 16 18 20

3/12

Isf

10 15 20 25 30 35 40 45'` 50 A

Calculate the Area below

the line in this Eraph

from C to D, where X(C) = 2

and X(D) = 16.

ANSWER Area =

8"



/
Calculate Area
the cUrve in this grsaph.

ft'()J10B, whore

and X(B) = 40.

A:1513a ..1xea

below

X(A) = 15.

10

9

0

7

6

5

4

3

/2

0

o

/

\ V

-v
. _ .._

1

. . i

.

......il ift....

I

- I

Mamma

0 5 10 15

-

20 25 30 35 L0 45 -E.

r

Calculate the Xreaporow

the: curve in thish-raph.

from C to D, where X(C)-=.4.

and ,X(D) ,= 14. f

AJMER. Area =



Y

.1

t

r:

BASIC SKILLS OF GRAPHICAL INTERPRETATION

.0

PROGRAMME I-1

NAME

so INwoo*

SCHOOL

SEX

SECTION

AGE

(years) (months)

CLASS

o

DATE

INSTRUCTIONS

r

As you work through this programme., reap each

question carefully, then, write your answer in

° the space' piovided. Any otheir calculati.oni

should be written on the TACK of the page. If

-you are not Sure of the anths er to a que,sti

take a guess and go on to the next exampl,

/ 81



This is a TIME SCAM measured in Year's From 0 to 10.'

OfliS

I I T
0 1 2 3 4 5 6 7 e 9 16

TIME (IWYEARS)

.The time at position A methe,scale above

is is written as T(A) = 7 years.

I 1.1 I

0 1 2 3 4 5 6 7 8

TIME (IN YEARS,)

9 10

is p71 Years.
7

A

plc the time stIpcigition B on the scale above.

T(B) = years.

at

4

O.

-4.:

.

. Ca%cul'Ve the timo at positions C.on th,e sc e above. ,'. .
r" ,

years.1::34 Ta 00) =
....4,44

r I

4I

frk



1/2

' This scale shows the ANNUAL BIRTH RATE (that is, the number

of births per year for each hundred people) in a large city,

and is measured in percent (%) from 0, to 710.

ABR

Annual .Birth Rate at position A on

10

9

8

this seal,: is 4 %. 7

6
This is written as ABR(A) = 4 %. O

5

m 4

_J 3

zz 2

C
1

0

ABR
10

9

8

7

0.;c
6

i-- 5

al 4

_J 3 C
z 2
ct to

0

Calculate the Annual Birth Rate at B.

ANSWER ABR(B) =
t'`-p-

.

Oalculate the Annual Birth Rate at C.

ANSWER ABR (C) =

885



Let us.now combine theSe two scales-to form a GRAPH, as

shown 'in the- diagram below:.

ABR ( A )

ABR
10.

17-Nk 9

I 7
cx

1 5
"Q. 4
I 3
z

'0
0

A
X

,4

2 3 4 5 6 7 9. 9
TIME (IN YEARS)

10

HORIZONTAL

AXIS

1/3

The TILE at any point on this graph 'is showh by its

distrmcc from 0 measured along the Horizontal or T axis.

The time at position A on the graph above is shown .as

T(A) =4 years.

The ANNUAL BIRTH RATI; at any point on the graph is given by

its distance from 0 measured along the Vertical ,or ABR. axis.

Me annual Birth Rate at ,A on the. graph above is shown as

11:-*:a(A) %.

O

7



ABR-
10

6`..e

7

6

5,lx
co 4

3

z2
< 1

0
0' 1 2

xA

3 4 5 6 7 6 9

TIME (IN-YEARS)

Calmlate the Time at position A.

O

10' 6

ANSVER T (A) = .year.S.

Calo-alate the Time at position B.

T(B)

Calculate the Annual Birth Rate at A.

ANS101 ABR(A) =

f):?.iclulate the Annual -Birth Rate at B.

ANSWER A.BR(B) =

(7)-1-0"1
(30

years.

114

ti



4
e

1/5

---
Now we can find the Time or Annual Birth Rate at any POINT ON

21 LINE, using the method described in' the- example below.

1:;X:11..PLE

Calculate the Time

at position A when

ABR(A) = 7 %.

ABR(A)

1:,ETHOD

ABR'
.10

9

1 7
4t.

6

1 k

-.1 3

M'2Z 2

< 1

0

I ..

1 2 3 4 6 6 7 6 9 10

TIME (IN YEARS)

T

(1) Find the given pOsition.ABR(A) kon the Vertical. axis.

(2) Move across to the.lina and mark the point A on.the same

level.

(3) Calculate the Time at this point, as shown on the_.graph

above.

P(A) = 8 years.

)38



_

WM,

The-two points. A and B both--

lie somewhere on the line

. shown in this graph.
ABR

ABR(A) = ,ABR(B) = 6 %.

Mark the. positions A and B

9
s.

8
w

7

cc
6

on the graph. 5

01- 4

Calculate the Time. at A. 3

2

ANSWER T(A) = years.
,

1'
0

- Calculate the Time at B.

ANSWER T(B)y =

ABR
10:

6.4.!
8

L.0
7

ac

6

I 5
cx

4

3

2

=

years. .

0

/ 2 3 4 .5

/ TIME (IN

6 7 8 9

YEARS)

.00 1 2 .4 5 6 7 8 9

TIME (IN YEARS)

so.

The two points C and 4 both
I

1id somewhere on the curve .

shown ih this graph.

ABR(C) = 2 %. ABR(D) = 9 %

Mark the ,positions C and D.

on the graph.

Calculate the Time at C.

ANSWER T(C) = yeast.

Calculate the Time at DI.
10.--

ANSWER. T(D) = years.

.889
1_.



Th.-1 two points A and B
,
both

lie somewhere on the line ABR
e:nowr. in this graph. 10-

% '9
b....e

T(A) = 4 yrs. T(R),. 10 yrs. ..... 6

Au.,
i---1.

, .

. p- <
larltv-the positions A and B ct

6

. on the graph. F.-

x _

or
5

4

.

sig3*

'Calculate _the Annual Birt11._ I.

3

Rate at A. =
. z 2X< 1

X J

T'3 VER AHR(A) = %.

Calculate the Annual Birth

Rate at B.

:U S:, ABR(B) =

ABR
10

9

8

(.1.3

I '7

cc
6

E 5
cc. .

44:1.1 4I 3

z
-z
< 1

00

t.

0-

2-14 5 6 7 8 9

-TIME (IN YEARS)

r'

10T

40

O

1 2' 3 4 5 .6 7 6 9

TIME (IN YEARS).

The two points C' and D both

lie somewhere on the curve

shown in this graph.

T(C) = 8 yrs. 92(D) . 5 yrO...
AM..

Iyiark the positions C and D

on the graph.

I
Calculate the Annual }firth

Rate at C.

ANSWER ABR(C)

Calculate the knnual.i-drth

Rate at D.

_)70. ANSWER Alid(D) =

J

10T



.9

3--

.1ta.

-The following metiod ifiay.be used to find the Time or

.Birth Rate at any position between a row of points on a graph.

EXAYLPI8

balculate the Time

at position A when

ABR(A) = 5%..

ABR(A)

D

ABR °
10

/-4.1
irso

LUa
6

33H 5

ca 4
3

Z 2
< 1

O
0

_. ..

.
1

. .
...

1 .

,

1 2 3 4 5 6 7. 9 9 IC

TIME OW YEARS)

T(A)---1-4

(1) Rule a line through each of the points, as shown on the

Hraph above.

,(2) And the 'point A on this line, where the Annual Birth

. Rate (ABR) =,5 %. .'1

(3) Calculate to Time at this position.

T(A) = 6 years.

0

8 7'



The two points A and B both

:lie somewhere between the

row of Points shown on this

graph.

ABR.

1 9

7

cc

3

z 2z
< 1

0

,..

1

I.

o

0 1,2.3 4:5 6 7 8 9 10

TIME (IN YEARS)

0

,
Calculate the Time at fi when ABR(A) = 4 %.

ANSWER T(A)

s,

Calculate the Tim 'at B- when ABR(B) =.6

T(B) = - years.



4

--In order to find the Tlmeor Annual Birth Rate at any ,

pOsition beyond a. given line or. row of points, folloW t:t\le

. .

instructions.debcribed in the example below.

..

EXAY.PLE-

Calculate the Time

at position

.V3R(A)'=

e

ABR

134!
9

e

7

6

s.

3

2

1

0

.

. A
*,-...-..

. :..

...

P
.- .

"

2 3 4 5..67 8 9-

-ttic (I N° YEARS) .

4116M41MT(A)=116;)110

(1) Rule a-line through each of the points (unless-a line

js given in the Problem):

(2) :extend this line, as shown in the graph above, until it

reaches the Vertical Position ABR(A) =7 %.

-(3) Calculate the Time at this position.

:1ES-41:31
4.

T(A) = 9 years.

o .

873

c -



,The two points A and B both

lie somewhere beSr'onrithe

line shown.in this .giaph.

.1

. -

ABR

tsE
6

4-Calculate the Time at
i-- 7

-whon'ABR(A) = 3 P. 6

5

sT(A) years. if.; 4

<
z
z

3

2

1/11-
,

S

<
Calculate the Time at

when ABR(B) = 7 %.
0_

0 -1 2 3 4 5 6 7 91 10

TIME (IN YEARS)

ANSWa. years.

:ABR
10-

-..
J5-e

1 7
Ce

I 5-
ce

3

2.

< 1.

0

. I I.-

I

)1(

- , .

. .

1 2 3 4-!5 6 7 8 9 .10

TIME (IN YEARS)

874

The two points,C and D both

lie somewhere beyond the row

of points shown in this graph.

Calculate the Time at.0

when ABR(C) = 5 %.
4.. 13

ANSWER T(C)

Calculate the Tithe at D,

when ABR(D) = 9 %.

ANSWER T(D) = years.

4'



.

e

,
1

. Id3
. -
Ca.loRlatt-_the Annul 'Birth id

. -7 9.Ral;e at.A. C

*`:°

-A.Y.SWER ABR(0=,.1 P
7

. a 6
: , z

1.-' 5a
- CZ' 4

Calculate the Annual Birth <.-I 3

=
.-Rdte at B. .1 z .z 2

< 1

OS-4E1T ABR(B)= %.

e

A1314
10_

9
se

a <l .7
6

ce
I 5
c7t;

3

z 2
<

0

as.

......

.... A
A

eA

.
.....----....
.

I .

'

$
...

4. , .

$

. .

-2 3 4 5 6 2 t 9.1(

As

AM.

1' 2 3 4' 5 '4 ,7

TIME IIN YEARS) .

9 .10

. The two points C And D both
41/ lie somewhere on the carve .

sixown in this graph.

A.
A.

A

Calculat:e the Annual Birth

Rate 4at C when T(C) =4 years.

ANSWER 412.313.(C) =

Calculate- the *Annual 'Birth

Rate at D wheri `(D) = years.

TIME (IN YEARS)
ANSWER 'ABR(D) = %:

'75,

.



T'
ABR(B)

.

The'tAXIMMI Value of curve is_ equal to the HIGHEST
/ , V ttc

VIMICAL POSITION on the Curve.
4.

-*INABR"
. . .* , io

iaximum Annual

Birth Rate shown

'on this curve

ABR(A)

0
2, 3. -4 5 6 7 9

. TIME' (TN Y.EARST5-

The NIgIWM Value of.a'aurve is equal to the LOWEST'

%IraTiriAL POSITION on e curve.

ABR
10

, 9.
/NZ

U.;

a7
tx,

6

ce

WI 4
i 3
z 2z.<

0

ao a ...li I

_\\\

r

..-

....,

''.
...

f>I
1 2 .3. 4 5 '6 7 , 8 9 1C

TIME (IN YEARS)

0

The Nihimum Annual

Birth Rate:shown on

this curve

= OR(B)

=2%.

_876

10



4

C.

Calculate the Maximum

Annual Birth Rate on

the curve AB.

ANSTLli

Max. ABR =

ABR
10

1-- 7

e

1 S
CC

C4

-J 3

z 2

<
0
-0.

$.

ABR
10

A.

.
A

....000,100.°464" o
0- .

I iI An

C -

1 2 3 I. 11

TIME .(IN YEARS)

9 10

.
-A ..

A

Al. 0

.011

'''

/

'

_

2 3 4 5 6 -7 0 9 li

TIME"(IN YEARS)

Calculate the Maicium

Annual Birth Rate on

the curve CD. .

.10

A gra.

Max.ABR =

i

0



0

CalcUlate the Minimum
Annual Birth Rate On
the. curve AB.

ABR
10

LAJ
1-7. 7

ct
6

5-

oQcc 4

.J 3

z
< 1

0

Min ABR = %.

Ar

Iy

.
V

.
I

r

C _ I
%

1 2 3 4 5 6 7 8

TIME (IN YEARS)
9 10

ABR
10

9
13%e

I 7
6

1 5
c-44

J 3
zs 2
<

0

1/15

A

0 V 2

TIME (IN YEARS)
5 6 7

Calculate the Minimum
1" Annual Birth Rate on

the curve CD.

ANSWER

Min.ABR 0%.

9 10-T



C

ea

he TURNING POINT of a curve is indicated by a Chan,,e'in

Vertical Mrection along the curve, as shown in the two

'examples below.

ABR ABR

?lace".a mark (). at the Turning Point on each ,of-the

following curves.

ABR

ABR

ABR

ABR

i/16



1/17

'If the Turning Point of a curve .has the HIGHEST- Vertical

position on the curve, it is called a MAIMUN TURNING POINT.

If the Turning Point of a curve has the LOWEST Vertical -

.position on the curve, it is called A MINIM: TURNING POINT.

,-

ShoW Which of the following curves has a MAINUM,Turning

Point, by. writing the number(s) in the space below.

ABR ABR

ABR ABR

4

880

ti



BASIC SKILLS-OF GRAPHICAL INTERPRETATION-
, -

111111111
11%

PROGRAMME H

"NAM

M1111111111111110

SEX.

,SECTION 2 ti

AGE

SCHOOL CLASS

DATE

INSTRUCTIONS

(years).(months)

As you work through this,progrWame, read each

question carefully, then write your answer in

the space provided: Any other calculations

should be written on the BACK of the page.. If

you are not sure of the answer to a question,

take-a guess and go on to the next example.

881



-B

1

0" 1 2 3 4 5 6 7 e 9 10

TIME (IN YEARS)

.

Calculate the Time at position.A on the scale above.

ANSWER T(A) = year's.

A. Calculate the Time at position B on the scale above.

ANSWER T(B) = years.

ABR
10

Calculate the Annual. Birth Rate at C.. 9:
. sr"

,--- w
ANSWER ABROY= $.

cc
4-
1-

6
=
I-
cc 5

go 4 -
'Calculate the Annual Birth Rate at. D. -J 3 .<

. mz 2
ANSWER ABR(D) = $. z

cc. I Imam.. 0
0 .

0 ...

Complete the following calculations.'

10 - 5 =

ci

2/1



The CHANGE IN TIM between two points on a Time scale is
Measured by the change in position on -the scale from one
-point' to the othe'r.

A
1 rI 1I INI\T

1 2 3' 4 5 6. 7 9 9 10

"The 'Change in Time TIME (IN YEARS)

from A to B ori.the

/ Scale above, = Final Position - First Position
/ ( called T(AB) )

T(B) - T(A)

2 years

= -6 year

C. b.
ir

0 1 2 3 4 .5. 6 7 8 9 10

TIME (IN YEARS)

Calculate the- Change in Time from C to D on the scale above.

ANSWER 'D(CD) = years.

I I I 1 I t 1 1

0 1 2 3 4 .6 6 7 a- 9

TIME (IN YEARS)

1
11T

Calculate the Change. in Time from E to F on the scale' above.

ANSWER T(EF) = years.

-t

S.



The same rule can also be used to calculat,1 the CHANGE IN,

Ailtall BIRTH RPPE betwi:en two points on a Vertical scale.

I

Calculate the Chance in Annual

Rate from A. to

.1..:3113R iuRt( =

Calci ate the Change in Annual.

'51irth to from C to D. .

ANTIER ABR(CD) =

o

ABR
10

9

8

6

5

4

3

2

1

0

ABR
10-

O

9 -

0-
7

6-
5

4 - 4..

3

2 - =-

1 -



ABR
10-

9
ts-t

a7
,!x 6

1 .5
ce

3
;
2zz.< 1.
0

_ _ .....

13

. ..

)1(
A

:

. .

I.'
o 2 4 5 6 7

TIME (IN YEARS)

Calculato the Time at position .A.

AisiS7IER T.( ) =

9 10

.4*

Calculate the Time at position B.

4

1.11

11111111

AliSilE1-1 T(13) =

1y 1

Calculate the .:thnual Birth 'Rate at A.

5

ANSiTiR ADEt(A) =

Calculate the Annual Birth Rat.. at B.

er.

am.

ANSWEIR 91.3(B) =

year's.

C.



-r

e25

The Chlnge in Time between two points on a GRAPH is er40,-6

th!: Change in Position from one point to !AP:) other, maslired

"along the Horizontal (T) axis.

:.01 Ai.Pii.

The Change jaiTime

from A to. B.

(marked ?'(AB))

v.(03) - T(.;)

= 7 2 years

t: IT ears.

. _
AE3Rs

10

BR.
....,

w'
<I- 7

ABR(AB) x -6
=
1- s
cc

;;-4

- .J 3
<
_z
m

2:Z< 1

11..11/1111MIMINIVIMMIM

o
o 2 3 h 5 6 7 8 9 10

TIME (IN YEARS)

The Change in Annual Birth Rate between two points on a

tlraph is equal to the Change in Position hem. one 'point

to other; measured along the Vertical (BR) axis.

The ChAnge in Annual Firth

Rate from A to B on the grapa = ADA(B) ADR(A)

e.,oye-(marked ABR(0)).
= 9. 3

= 6 %.

O

1



0,

.

Calculate the'0hamge in

7.1ime from A to 13.

(AD) = yra

ABR

6
- ., =. .

. I s
cc

Calculat th -Chie.nge in

nnual Birth Rate from

A to ,

nrioa ABR(AB) =

ABR
10

I- 7<
cc

6

cc 5

1:73 4

I 3
2
< 1

0
0

c71, 4'
J. 3.

z. 2
Z.< 1

A

1 °3 4 5 6 7 9

TIME (IN YEARO'
.

2/6

I ra-

VI I.-

i

.
vl. -.

)1(A

lb-`

2 3 4 5. 6
TIME (IN YEARS)

7 8

r

9

Calculate the ghanse in Time

from C %to D4

10

AFSWER T OD ) = yrs.

Calculate the Change in

Annual Birth Rate from

'C to D.

.9 10 2:3'.11E11. :113R(CD)



I

Complete the following calculations 4-

. 9

O

8

2

= 4.

. 2/1,

Th..- RATE Or CRINGE in Ivaraial" Birth Rate (measured in 9; per

year) between two points on a graph is equal to the SLUE of

the line joinipg these points. This may be calculated as

Show n in the :?xEimple below.

b

EXAMPLE

The Rate of Change in

Birth Rate from

A to B.

= Slope of line AB.

ABR

1*,

ABR(AB)

:1

A
3

...

T(AB))

Change in Annual Birth Rate from A to B

Change in Time from to B (years)

A

- % per year.
3

= 2 % pt

a

S.



.
L.

Calculate
in Annual
A to B.

Rate =

'ABR.

C

the Rate of Change
Birth.Rate.from

4

.% per year.

8

ABR

11.

"

Calculate the. Rate of'ChanEe
in Annual Birth Rate from
C to D.

AIISWER.

Rate =

889

:10 per year.



I

N

v

ABR
.10

.

Calculate the Change in

9 rte from A to B.

yrs.

Calculate the, Change in

Annual. Birth Rate' from

Ato B.

AiMER ABR(AB) =

'ABR.

11-R
%f.'s
w

7`

6

5

4n

3

z
cr 1

, 0
0 1 2 3 4 S 6 7 8

TIME (IN YEARS).

9 .11-3

0

;

i
r r...

1.

r.:

4,

. '
-so-

1

A '

_

. . _

. -...-

1

0 1 2' 3 4 5 6 7 8 9 11

TIME (IN YEARS)

Calculate the Change in

Time from C to D. \
.. ....

..
.

ANSWER T(Ch) "= ;firs.__

CalcUlate the Change in

Annual Birth. Rate from

C tO D.

AUSWW.1 A.::1(CD) =

O(j../t/CA

T



J.

. .

In order to calculate the RATE OF CHANG in annual Birth

-a-GRAI-1.1--fOliti*. the method described in_ the

example- below.

EXIIITLE

Calculate the Rate

'of Change in AnnUal

Birth Rate from

A to B;

ABR
10

. 9.

= 6

ABR(AB 5

. , c7i4

3

.z 2
i
0

2/10

I
t

''s

1 2 3

TIME (IN STARS)

.-T(AB)-)

4 5 6 7 8 9

,r

T
10

(1) Calcu/ate the change in "Time (T(AB) = 2 years) and the.

Change in Annual Birth Rate (ABR(AB) = ^6 fa) from A to. B,

as sliown on th graph above.

(2.) 7se thes.2 4i.;,,-ares to calculate the Rate of Clian8e in

AnnuAl Birt%I. Rate, using the method shown' on page 2/7.

,. AfAit(AB)
of Chenge in 11BR'

tea to B., ( )

6

= h p.'r voar
2

4

3 fo por

a



Calculate the Rate of Change'

in Annual Birth 'Rate cfrom

Atoll'

AN57:0.

Rate r: per year.

ABR
10

,. 9

1- 7

cr
6

cr
1 5

co 4

3

2

1

0
0

O

5

C
1 2 3 4 5 6 7 8 9

TIME (IN YEARS)

10

ABR
10

,. 9

t.0
7

cc
6

5
cc

cl"; 4

3

2

1

00

2111

r

1.
..

I

''''

A

1 2 3 4 5 6 7 8 9

TIME (IN YEARS)

Calculate the Rate of Change

in Annual Birth Rate from

C to D. 0

11TSVIER

Rate =

892

/0 per year.

10



-,

2/12

The TOGENT to a curve is a 'straight lir" which touches the

curve at only one point, as shown in the example below..

EtAllIFLE

(1) The line-AB is a Tangent (2) The line CD is not a,

to the curve, touching it at tangent, since it cuts

the point P. across the curve at P.

Rule a Tangent to each of the curves below at the point P.



Park the position of'A

on the curve, where

TkA) = 8 years.'

ABR
10

....... 9

8-
w

7<,
.

6

9:

CCIm 4

Z 2
< 1

0-
0

ABR
10

9
tI42

8

i-<
CC 6

Zi 3=z 2z
-< 1

0

1 2 3 4 5 6 7- t 9

TIME (IN YEARS)

IOT

1 2 3 4 5 6 7 8, .

TIME (IN YEARS)

Mark the position of B

on the curve, where

TB) = 4 years.

894

9 10



Rule a Tangent to the

at the point A where

T(A) = 3 years.

ABR
10

9

Ui1 7
.6

1 5
fal-- 4

__I 3

- 2

<1

curve

s.

0
2 3 4 5

TIME (IN YEARS)

'6 7 8
T

109

ABR
10

6 9

8

7

6

5

4

3

2

1

2/14

0
0 2' 3 4

TIME .(IN

5 1 7 8 9

YEARS)

Rule a Tangent to the curve

At the point B where

T(B).= 6 years.

895

10



Ca4ulate the Rate Of Change

in Annual Birth'Rate from/

A to,B.

AISWER

sate =

AYR
10

9

7

6

5

4

3-

2

00

% per year.

2 3 4 5 6 7 8 9

TIME (IN-YEARS)

10

ABR
10

_v-5 9

w
a7
ct

6

cc
'c-2; 4

-J 3
2

< 1
0

0

2/15

B

..

.....

A -..

2 3 4

TIME (IN YEARS)

5 6 7 8. 9'

Caloulate the Rate of Change

in Annual Birth. Rate from

0 to D.

ANS1ER

Rate

896

% per year.

10



e.

cOr °

)11,4.

2/16-

The Tangent to a curve has the same slope as the curve at

the point of contact. This meahe that we can now calculate

the Rate of Change in ABR at any point on'a CURVE, since this

is equal to the Slope of the Tangent at that point:

raAILPLE

Calculate the Rate

of Change in ABR

at the point P

where T(P) = 3 yrs.

l :IETh 07

ABR
ick

9
t..2.
--T, 8

w
17- 7

ABR(AB)
cc

6
=
1-- 6
cc

B
ti

0/
0 1 2 3 4 6

41=1,111010

7 8 9 10

TIME. (IN YEARS)

,

(1) Maik the point P on the curve where T(P) = 3 years.

(2) Rule a Tangent to the curve at this point*, so that the

ends of the Tangent are whole numbers (marked A and B

on tilt! graph above)

(3) Calculate the Slope of the Tangent AB using the method

shown on. page 2/10.

(4) This is equal to the Rate of. Change in Annual Birth Rat

(ABR) at Pr, the point of contact on the curve.

A.KS4ER

ABR(AB) 9 - 3 6
-Rate 1 % per: Year.

T(AB) 7 - 1 6



Calculate the Rate of Change

in Annual Birth Rate-at the

point A where' T(A) = 2 years.

ANSWSR

Rate = % per year.

ABR
10

9

7

6

5

4

3

2

1 °

0 1 2 3

TIME

-4

4 5 6' 7 8

(IN YEARS)

T
9 10

ABR

6

5

4

3

2

1

0

2/17

0 1 2 3 4 5 6 7 8 i

TIME (IN YEARS)

Calculate the Rate of Change

in Annual Birth Rate at the

point B where T(B) = 7 years.

ANSWER

Rate =

898

% per year.

10
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BASIC SKILLS OP GRAPHICAL INTERPRETATION

PROGRAMME I

NAME

SCHOOL

SEX

SECTION

AGE

DATE

CLASS

INSTRUCTIONS

As ,you work through

question carefully,

(yeaTs)- Imoriihs)_

this programme, read each

then write your answer .in

the space provided. Any other calculations.

\

should be written on the BACK of the page. If

you are not sure of the answer to a question,

take a guess go on to the next example.

899

-.



IC

. ,

Complete the following calculations

4 x 5 x 3 =

37 x 4 = 29 x 5 =

A.fi

o

Now we caAl use the following formula to calculate the AWA

ofany Rectangle.-exi.3quare.

AREA = IIENTPH x HEIGHT

Use this formula to calculate the Area of the following

fl ores.

2

Al.PAE274C Area =

3/1



N..

Now is made up of many small Blocks, each of

the Area of. each Blocleis given by*the,

Length x Height as- shown ;on 'page 3/1.

Tlw same can also be used to calculate the AREA ,Or

GRAPH, which represents the TOTAL RIMER OF BIRTHS (per 100

people) over a given period of Utile.

each graph

same size, and

formula Area

the

The Length of each block is shown dn. .Che Horizontal (Time

axis, and the Height is shown on-the Vertical (ABR) axis.

'6::ALLPLE

Irne

th;..

ABR.
20

12

10

S

6

4

2

/11

00

"
4
S 10 15 20 25 30 35 40 45 SOT

TIME (IN YEARS) --

Total Number of Births represented by a Single Block on

,A7raph abdye

Area of a Single Block

Lencth x Height

5 (L. ears) x 2 (%)

10 %. (This represents the Total Number of-Births.at

2 % per year over a period of 5 years.)

SO'

3/2



r

ABR
20

Calculate the Total Number
'i6

of Births 'represeriied by a.
t1.1

a .

Single block on` this graph.
1 14
tx 12
:.c
1 10

ANSWER Tota3 = S.
;114

6

z
ft. 2

0
0

OR
10

9

8

7

I 5
4

-1 3

2
z< 1

0

t.

e

immunumnIgn
immummairal
/1111111111111101M1111
111111111111111111111111

1111111111111111111111111
1111111111111111111111111
11111111.111111111111111
111111111111111111111111
111111111111111111111111111

5 10 15 20 25 30 35 40 '45 50
.

TIME .(IN YEARS)

3/3

II

N v.

WNW..

4.C. .

., p z

. . 4

i .

t

.$

Al

.
......

3

I- l _ _ _ -

2 4 6 8

TIME (IN

10

C4lcul-ate. th;.: To\al Number

of -Births- representey; a
Single Block on this raph.

12 14 16\ 18 .20 ,

YEARS)

ANSVIE Total =

902

ti



3/4

Now we c 'Calculate.the Total Number of Births represeut d

in, ii-IECTION OF THE GH4PH,,ty counting tht number of

_blocks in the section and using the following tormilla.

Total tO.of-Births

represented irT any =

- section 'Of. Ihe:&aph

0

Number cifsBArths

represented by a

single block

ABR
20'

1
16

,

7..A1-Le;

<

I-a

14

12

10
,

Calculate the Total Number

of Births represented on
131

<
,this graph in the time z 4
from A to B. 2

0

1;:ETHOD

Total number

x of blocks in

the sectibzi.

.

- .

--

,

.

..,

.
.

.

.

4----...

. ,

.

..

gt

S 10 '15 26 25 30 35 40 is so
r

TIME (IN YEARS)

(1) Calculate the number of Births-represented by a single

block on the graph.

(2) Count.the Total number of blocki in the section below

the line from A to B - each block to be *counted is

marked with a-dot:.( t) on the graph above.

(3) Calculate the Tbtal Nutberof Births (per 10Q people)

represented in this section of)he graph, using the

formula shoWn above.,

.CEXatiPle continued on page 3/5)
. -

,803

T



I

Ifa:110).1.li (Continued from, page 3/4)

Some of; the blocks in. the section to be counted prom the
N

. graph on page 3/4 are cut by the line AB. In such a \case,

we use --eite following RULES FOR COUNTING :-

.(a) If less than half of the block is included in the area

wi calculate, then do not Count theirwe

(b) If h-
.

; Th.:: Total numher cof blocks = 39

. we

In this example , each block

marked with" p. dot ( )
\,

A

f or more of the bloCk is included in the area

wish'to calculate, then count the whole bi,ock..
.

ANSWER

I

to be counted in the sect.ton

the graph :(pize.3/4)..

The Number of Births representett by a'

Single Block (as shown bn page 3/2). .

Thz, Total Numb,Ir of

Births in the, time =

from A B
e

5 x

= 10 %.

Number of Births

represented by a ,x

single block

lo (90 39'

= 390 %.

011

4

5

N

Total !lumber of

biciolz.s in -this

se' t1op



,

ABR
10

. ,. 9
. s.

Calculate the Numbei of
s......

'. Births represented by a °' w
1-- 7

SingleBlOck bn this graph. m
6

=
I-- s

') ,', ANSWER . -4 4
. m

-.. No. ofiBiri,hs = %. j 3

.
.

...,
, <

. z

, .
0

..

C

C

3/6

A

,°.*°°°ee°°°T

A e

e

1S

'10 15 20 .25 30;35 40 45 50.

TIME (IN YEARS)

.

(1) Mark with a dot each block y u would count to calculate

the total number of births represented in the time from

A to B on the graph above.

/
(2) Count the number of blopks you have marked,

AN
t-*

'MY

(3) Calculate the Total/Number of Births represented in the

time from A to Bon the graph above.

ANSWER Total = %.



10 .

t

.1

ABR
20

,..00

Calculate the Number of t42

'''''' 1 6

Births'represented by a ur
, 14
Single Block on- this graph. a

12

.

=
I-- 10

1NSWER cc
1.

I
.0:1 m

.. a

No. of Births F %. <-..I 6

Z.
2:-0.< 2

0

37

- V... ,

''N.%, III

0 2 4 6 8 10 12 14 16 16

TIME (IN YEARS)
20

(1) Mark with a dot, each block you would count to calculate

the total ,number of births represented in tne time from

C to Don the graph above.

(2) Count the number of blocks you have marked.

ANSWER

(3) Calculate the Total Number of 1:irths represented the

+in' from C to D on the graph above.

/06

ANSdER Total



ABR
10

9

Calculate the Number of

Births represented by a La
7

Single .Block on this graph. $1

1

3/6

x
i 5
cc

4 AANSWaR

No: of Births = %. I 3
a -

6z
< 1

0
.0 5 10 15 20 25 30 35 40 45

TIME (IN YEARS)

SOT

(1) Hark with a dot. each block you would count to calculate

the total number of births represented in the time from

A to B on tie graph above.

(2) Count the lumber of blocks you hav\marked.

'ANSWER

(3) Calculate the Total Number of Births represented in the

time from 1 to B on the graph above.

ANSWER .0otal = %.

ti



Calculate the Number of

ABR
20

v 16
?,firths represented by a

it.

Single Block on this graph.' g12

I 10
AMER cc

az

6

z
< 2

0

No. cf Births =

3/9

A

r
. ..

C
1 ,

.tr ..1

INIPr"

r , I

.

0

0 2 4 6 8 10 12 14 16
TIME (IN YEARS)

111 20T

(1) Lark with a dot each block you would count to calculate

the total number of births represented in the time from

C to D on the craph above.

(2) Court the number Of blocks you have marked.

(3) Calculate the Total 11/4r of Birc,hs repres-mted in tat:

time from C to D on the graph aoove.

INSWI:21t Total = jJi



Mark the position of A

on the line, where

T(A) = 25 years.

ABR
'20

ER

I- 14

x12
F-10

c.i3

-1 6<
z 4
< 2

0
0 2 4 6 6 10 12 14 16 16

TIME (IN YEARS)
20T

ABR
10

i L

I. ....

t
4111111

...i

5 10 15 20 25 30 35 40 45

TIME (IN YEARS) .

Mark the` position of B

on the lire, where

T(B) = 16 years.

SO9

3/16

50



Mark the' position of A

on tl:e curve_, where

T(A) = 35 years.

ABR
20

ee

1 14

ix 12

10a
6c-ol-

J 6
Z
.1 2

0

o 2 4 6 e 10 12 14 16 10

TIME (IN YEARS)

20T

ABR
10

9

$

I 7
11

1 5
cc

_1 3

z4:c
2

a 1
0

0

.

. . .

3

.
. ..

3

,
I

I 4

i

1

5 10 15 20 25 30

TIME (IN YEARS)

35 40

Mark the position of B

on the curve, where

T(B) = 12 years.

910

45

O

50



Calculate the Total Number

of Births repreidnted in

this graph from A to B,

where T(k) = 10 years and

T(B) = 45 years.

ANSWER Total = %.

ABR
201

et-E
r...1 6

I 14
gx 12

I 10
cx

c7.1

J 6
Z 4
a 2 -

0,
o 2 4 6

TIME

a 10 12 14 16 .16
(IN YEARS)

201

ABR
10

9,
7

S

4

3

2

1

(11

.

.

,

:
.0;°...°°

j- 5 10 15 20 25 30 35 LO 45 51

TIME (IN YEARS)

Calculate thfi Total Number

of Births represented in

this graph from C to D,

where T(C) = 2 years and

T(D) = 16 years.

ANSWER Total = a.

911



ABR
10

Calculate the Total NUmber 9

of Births repr%isonted in 8

this graph from A to B, I- 7

where T(A) = 15 years and m 6

(1) = 40 years.
..... i
al -

A.ITWER Total = %. -J 3

.. --... .. z 2- t z< 1

ABR
20

e-e

"16
i- 14

12

1- 10

...I 6

z
< 2

00

wk.

2 4 6 6 10 12 14 16 15

TIME (IN YEARS)
201

0

3/13

0 10 15 20 25 30 35 40 45

TIME (IN YEARS)

Calculte -the Total Number

of Births represented in

this graph from C to D,

where T(C) = 4 years. and

T(D) = 14 years.

ANSWER Total =

912

SO
T
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BASIC SKILLS OP GRAPHICAL INTERPRETATION

PROGRAMME 111'" SECTION 1

NAME AGE

SEX

(years) (months)

-..-SCHOOL CLASS

DATE

INSTRUCTIONS

As you work through this programme, read each

question carefully, then write your answer in

tqF space provided. Any other calculations

should be written on the BACK of the page. If.

you are not sure of the answer to a' question,

take'a guess and go on to the next example.

Every answer should be given to the nearest

ddcimal place.

on.

913

.1

4I



\-,

1/1

This is a 'HORIZONT.A-1,-NUMBER- DINE-with positions maiiced
from 0 to 10.

1
I I III I I I I

0 1 2 3 4 5'6 7 8 9' 10

The position of A on the number line above is 3.0

B C

"..
0 1. 2 3 4 5 6 7 9 10

Calculate the position of B on the number line above.

,ANSWER B =

Calculate the position of C on the number line above.

ANSWER C =

014I t



This is a VERTICAL NUMBER LINE with. positions marked

from:0 to 10.

. The position 'of A on this, number

line is 6.7

rs

"1
9

8

7

6

5

\4
3\

2

0

B.

10

9

7

6

5

4

3

2

0

A

Calculate the position of B.

ANSWER t =

Calculate the position of C.
3

ANSWER C =

9 15

a

1/2



Let us now 4ombine the Horizontal and '1.2rtical numbet.lineEk''
to form a GRAPH as shown in the diagram below.

VERTICAL

.AXIS

(or Number Line)

10

9

8

7

6

o 5I 4

3

Y(A) .2

0

....
.

.

-. r-

. - :....

. .

%

.

-."

0 1. 2 3 4 6 6 8 9 1

. HORIZONTAL'

AXIS

(or. Number Line)
.. .

_____Any .point within this 'graph can now be easily, found if we
'know both its Horizontal position and its Vertical position.;
These may be calculated in the following way :-

The HORIZONTAL POSITION.f a-point is its distance Prod 0.
measured along the Horizontal or X axis. This is shown for
the point A in. the graph above as X(A) =.7.0, ,"-

The VERTICAL POSITION of a point is
1

its dislande from 0
measured along the'Vertical or Y axis. This is shown for
the" point'A in the- graph above as Y(A) = 4.6

916



0

8

7

6

5

4

3

il

/
. '..

.

.

. .

.

B

x fr
A

. .

0. 1, 2 7 8 9 if

`

Saculate the Horizontal positibn of A.

a

.

ANSWER X(A).r...

Calculate the Horizontal positibn of B.

ANSWER ,,,X(B) =

r- 4,,

Calculate the Vertical position of A.

AN, SWER- Y( A) =

Calmilate the Vertical' position of B.

ANSWER Y(11) =



Now.we can find tile position of any POINT ON A LINE, using

.
the methcid described in .the example. below.

.10

EXAMPLE 9

Calculate the horizontal \
8

position of A when 4

6

Y(A) = 7.5\ 6

4

Y(A)
3

2

1

0

6,
f' METHOD IOW

.

,

I 7 P

,

. ..

. NA
. .

. . .

. .

0 1 2 3 4 5 '6 7 8 9 11

)(1) Find the giv'en position Y(A) = 7.5 on the Vertical Axis.

.2)/'Move across to the' line and, mark the point A which has

/ the same Vertical position.

0°

(3) Calculate the Horizontal position of this point, as._

shown on the graph above. o

ANSWER

X( A) = -9 .0

918

-

I.

o.



The two points A a d B both

lie somewhere on t e line

shown in this graphl.

Y(A) = 3.6 Y(i)- 5.2

10

9

. 8

7

6

5

4

3

2

0

Mark the positions A and

on. the graph.

Calculate the'Horizontal

10

9

8

7

6

5

4

3

pssition of A. 2

ANSWER X(A) =

Calculate the Horizontal

position.of B.

ANSWER X(B)

i

0 1 2 3 .4 56 .7. 8 9 fi

919

0

..

,

.

-

t .

.
.

i

. .

0 1 2 3 4 5 6 7 8 9 11

The two points C,/and.D both

lie somewhere onthe curve

shown in this graph.

Y(C) = 1.8 Y(D) = 7.3

Mark the positions G and D

on the graph.

Calculate the Horizontal

position ,of C.

ANSWER X(C) =

Calculate e Horizontal

position of D.

ANSWER X(D) =

1/6



0

The two point6 A and B' both

lie somewhere on the line

shown in this graph.

X(A) = 3.0 X(B) = 9.0

Mark the positions A and B

on the graph.

-zo

Calculate the Vertical

poSition of A.

Y(A) =

Calculate the Vertical

position of B.

ANSWER Y(B) =

, 7

N 6

1

2

1 2 3 4 5 6 7

1/7

10

9

8

7

6

5

4

3

2

0
9 10XD I 3 4 6 7 8

The two points C and D both

lie somewhere on the curve

shown in this graph.

X(C) 2.0 X(D) =,8.0

Mark the positions C and D

on the graph.

Calculate the Vertical

position of C.

ANSWER Y(C) =

e 9 loA Calculate the Vertical

position of D.

920
ANSWER Y(D) =



In order to find a certain POSITION BETWEEN A ROW OF POINTS,

use the method described in the following example.

EXAMPLE

Calculate the Horizontal

position of A when

Y(A) = 6.4

METHOD

Y(A)

10

.9

8

7

6

5

4

3

2

0

A ,

e . .

,
-

,

0 1 2 3 4 5 6 .7 8 9 '11

X(A)---->

(1) Rule a line thrbugl each of the points, as shown on the

graph above. \\

(2) Find the point on t is line which has a Vertical

.position Y(A) = 6.4

(3) Calculate the Horizontal Position of this point.

ANSWER

X(A) = 5.0

NN
N



The two points A and B both

lie somewhere between' the.

row of points shown on this

graph.

10

9

8

7

6

5

4

3

2

T

X

0
0 1

1/9

2 3 4 5 6 7 8 9 10X

Calculate the Horizontal position of A when Y(A) = 4.2

ANSWER X(A)'=

Calculate theHorizontal position of B when Y(B) = 6.8

ANSWER X(B) =

CHECK All answers should be given to the nearest decimal
place.

or)



In order to find a certain POSITION BEYOND A GIVEN LINE OR
ROW OF POINTS, follow the instructions described in the
example below;

l0

9,EXAMPLE
8

'Calculate the Horizontal 7

position of A when 6

Y(A)-= 8.4 5

Y(A) 4

3

2
O

0

METHOD

A
..,(A . ,

'°
-.0

-

p

,

. --

n
----------

1 2 1 4 5 61 r 8 9 1i

(1) Rule a line through each of the points (unless a line
is given in the problem).

(2) Extend this line, as shown in the graph above, until

it reaches the Vertical position Y(A) = 8.4

(3) Calculate the Horizontal position of thisrpoint.

X(A) = 9.0



The two. points A and B both

lie somewhere beyond the

line shown in this graph.

Calculate the Horizontal

Y
10

9

8

7

6

5

4

3

2

position of A when Y(A) = 3.3

ANSWER X(A) =

Calculate the Horizontal

position of B when Y(B) = 7.6

ANSWER-- X(B) =

X

X
X

I

8

'7
6

5

4

3

2

00 1 2 3 4 5/6 7 8 9 10X

The two points C and D both

lie somewhere beyond the row

of points shown in this graph.

Calculate the Horizontal

position of C -when Y(C) =-4.5

ANSWER X(C)

Calculate the Horizontal
0 X position of D when Y(D) = 8.80 2 3 4 5 6 7 8 10'.

ANSWER X(D) =



Calculate the Vertical

position of A. .

ANSWER Y(A) =

10

9

8

7

6

5

4

2

0

Calculate theVertical

position -of B.

ANSWER Y(B) =

,-.......
.

4 .

X

A
,.

_ . .

0 1 2 3 4 5 6 7 8 9 11

The two points C and D both

lie somewhere on the curveY
shoin in this graph.10

9

8

7

6

5

3

2

Calculate the Vertical

position of C when X(C) . 4.0'

ANSWER Y(C)

Calculate the Vertical
2 3 4 5 6 7 8 9 10

X position of D when X(D) = 9.0

ANSWER Y(D) =



. The MAXIMUM Value of a curve is equal to the HIGHEST

VERTICAL POSITION on the curve.

The Maximum Value of

this curve

= Y(A)

Y.
10

9

7

6

5

Y(A) 4

3

2

1

0.0 1

1/13

2 3 4 5 6

The MINIMUM-Value of a curve is equal to the LOWEST

VERTICAL POSITION on the curve.

Y
10

9

8,

6

5

4

3

2

Y(B)

1

o

B

2 3 4 5 6 7 8 9 10X

7 8

The Minimum Value of

this curve

Y(B)

= 2. -3



Calculate the Maximum
Value of the curve AB.



Calculate the Minimum.
Value of the curve

ANSWER MIN =

V
10

9

8

7

6

5

3

2

1

00

0/

C

2 3 4 5 6 7 8 9 10

V
10

9

8

7

6

4

A

13

0 1 2 3 4 5 6 7

Calculate the Minimum
Value of the curve CD.o

ANSWER MIN =

098

8



The TURNING POINT of a curve\is indicatod by a Change in

Vertical_Direction along the curve, as shown in the

examples below.

Place a mark ( ) at the Turning Point on each of the

following curves.

Y

2

nr,n 4
x

1/16'



a

1/17-

If the Turnirig Point of a curve has ?the HIGHEST Vertical

position on the curve, leis called a, MAXIMUM TURNING POINT.

If the Turning Point of a curve has the. LOWEST Vertical.

position on the curve, it is called a MINIMUNIURNING POINT.

Show which of the-following curves has a MAXIMUM Turning
-Point, by writing the number(s) in the space below.

ANSWER,

O

830

4

r
'4

14

9
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BASIC SKILLS OF:GRAPHICO.INTERPRETATION.

<

PROGRAMME III SECTION.- 2

re*

NAIE

SCHOOL

SEX
,

AGE

.

(years) months)
1 .

/I

DATE

may

CLASS

INSTRUCTIONS

As you work through, this programme; read each

question carefully, then write your answer in

the space4 provided. Any othdr calculations

should be- written on th BACK' of the page. If

you are not .sure of the answer to a,question,

take a guess and go on to the next eYample.
/

Everv,answer should: be given to the nearest

decimal place.

J

01

ti



14.

.. 4
".1

.r.
2I I I \ t 1 I
0 1 2 3' '4 5 6. 7 8 '0 10

. .1. .

A.

OW

0.

,
Calculate,the pos ition of'A,on the number line above.

ANSWER A =

Calculate the position-*of B on the number line abOve.

ANSWER

.

10

Calculate the position of C. 9

8

ANSWER C = 7

6

4

2
ANSWER' D =

0

CAlculate.the -position of D.
. .7

Complete the following calculations :-

10 - 9 - 2,=

9.7 - 5.4 =

932

c,

-2/1

k

6.3 - 3.1 =

2



The DISPLACEMENT between two pothts is the CHANGE IN

POSITION from one'point to the other.

EXAMPLE . .

... A
. . 1 ,

0 1 2 3
, .

The- Displacement

front A to B on the

.,

1 1 l l \ 1 1 1

4 3\ 6 7 8 9 10
\

number line above = Final Position First Position

( call this ,AB )

= B - A

= 8.0 - 2.0

= 6.0

C

J

0 1 2 3 4 5 6 7 8 9 10

Calculate -.6he Displacement from C to D on the number line

above.

ANSWER CD =

E F

0 1 2 3 4 5 S 7 8 9 10

Calculate the Displacement from E to F on the number line

above.

ANSWER EP =

/



.

2/3

The same rule can also ,tei used to calculte the Displacement
betWeen two points on a Vertical number line.

,'

Calbulate the Displacement

from A to B.

.'ANSWER AB =

Calculate, the

from C to D

ANSWER CD =

Displacement

834

10

9

8

7

5

B

4

3

2- A

0-

10

9

8

7

61

5

4

3

2

1

0L



Y
10

9

8

7.

6

5

4

3

2

1

0

X

0 2 3 4

X
B ..................,

1

5 6 7 8 9 10X

Calculate the Horizontal position of A.

ANSWER X(A) =

Calculate the Horizontal position of B.

ANSWER X(B) =

Calculate the Vertical position of A.

,

ANSWER Y(A) =
:.

Calculate the Vertical position of B.

ANSWER Y(B) =

935

2/4



The HORIZONTAL DISPLACEMENT between-tWe points on a graph
is the CHANGE IN HORIZONTAL POSITION from one point to the
other - that is, the change in position measured along the

'Horizontal or X -axis.

10EXAMPLE
9

The Horizontal

Displacement from

A to B (called X(AB)) Y(AB) 6

5

= X(B) - X(A) 4

3
= 7.0 - 1.0

2

1= 6.0

2/5

-x
A

0
2 3 4 5 6 7

X(AB))

9 10)c

The VERTICAL DISPLACEMENT betWeen two points on a graph
is the CHANGE IN VERTICAL POSITION from one point to the
other - that is, the change in position measured along the
Vertical or Y-axis.

EXAMPLE

The Vertical Displacement

from A to B on the graph = Y(B) - Y(A)
above (called Y(AB))

= 8.5 - 3.2

= 5.3

836



er 2/6

Calculate the Horizontal

Displacement-from A to B.

ANSWER X(AB) =

Calculate the Vertical

Displacement from A to B. 2

ANSWER Y(AB) =

V
10

9

8

7

6

5

3

V
10

9

7

6

5

4

3

2

0
0

C
3.

2 3 4 5 6

B
X

..x
A

ni 9 a I. 6 7 8 9 1

Calculate the Horizontal

Displacement from C to D.

ANSWER X(CD) =

Calculate the Vertical

Displacement from C to D.

y ANSWER Y(C.)00.=
7 8 9 10 "

937



Complete the following calculations :-

8.4
=

3

The SLOPE OF A

STRAIGHT LINE

EXAMPLE

The Slope of

the line AB.

Y(AB)

9.6

2

VERTICAL DISPLACEMENT'

HORIZONTAL DISPLACEMENT'

Y

5.7

--X(AB)-*

Vertical Displacement from A to B

Horizontal Displacement from A to B
)

Y(AB)

X(AB)

5.7

3

= 1.9

2/7



Y

(

Calculate the Slope of the

line AB.

ANSWER Slope =

4
.

,

Calculate the Slope of the

line CD.

ANSWER Slope =

e"

2/8

x



Calculate the Horizontal

Displacement from A to B.

10

9

8

7
ANSWER X(AB) = 06

5

Calculate the Vertical
3

Displacement from A to B.
2

ANSWER Y(AB) =
0

V
10

9

8

7

6

5

1.

....

3

2110

X
C

1 2 3 4 5 6 7 8 9 10

-i----

X

. _

. x
A

r

n 1 2 3 4 5 6 7 8 9

Calculate the Horizontal

Displacement from C to D.

ANSWER X(CD) =

Calculate the Vertical

Displacement from C to D.

x ANSWER Y(CD) =

2/9



In order to calculate the SLOPE OF A STRAIGHT LINE from

-graph, follow the method described in the example below:

EXAMPLE

Calculate the slope

of the line AB.

11
Y(AB)

10

9

8

7

6

5

4

3

2

1

2/10

A

3 4 S 6 7 8 9 10X

X(AB)4

METHOD

(1) Calculate the Horizontal Displacement ( X(AB) = 3.0')

and the Vertical Displacement ( Y(AB) = 7.5 ) from

A to B, as shown on the graph above.

(2) Use these figures to calculate the Slope of the line AB,

using the method shown on page 2/7.

ANSWER

Y(AB)
Slope of the line AB

X(AB)

841

7.5

3.0

2.5



Calculat&the'Slope of the

line AB.
401. Mr

ANSWER Slope =

to

9 .

. a

7

6

5

4

3

2

1

0

1

C

1 2 3 4 5 6 7 8 9 10 X

10

9

8

7

6

5

4

3

2

1

00 1

1""

A

3. 4 5 6

2/11

7 8 9 10

Calculate the Slope of the

line CD.

ANSWER Slope =

942



C.

r ,/
r

2/12

The TANGENT to a diirVe is a straight line which touches the

curve at only one point, as shown in the example

4

EXAMPLE

(ly The line AB is a Tangent

to the curve, touching

it at the point P.

(2) The .ling CD is not a

Tangent, since it cuts

across,tlie curye at P.

,

Rule a Tangent to each of the curves, below at the ,point P.

A

943



10

9

Mark the position Of A on
the curve, where 'X( A) -= 8.0 7

6

4.

3

2

0

Y
10.

9

8

7

6

5

4

3

2

1

0-o
2 3 4 5 6 7 8 9 10X

--"."

.---.
1.

,

., ...- .

-.s

. .

n 1 2 1 4 5 6 7 8 9 1,

'Mark the position of B on

the curve, where X(B) = 4.0

944

fX.



ii

Rule a.Tangent.to the curve

at the pofht A where

(A).= 3.0 *

I

10

9 . .

my

/r

n 1 1. 5 6 7 8 9 1

10

9

8

:7

5

4

2

1

.

. ..ir

. . .

. .

4

.7

?

.

I

rt 1 2 1 4 5 6 7 8 9' t

6. Rule a Tangent to the curve

7
at thd point B where

6 X(B) = 6.0

5

4

3

2

0



Y

Calculate the Slope of the

10

9

8

line AB. 7

&

ANSWER lope = 5

4

3

2

10

8

7

6

5

4

3

2

1

0

.

.
.

4

0

C

0 1 2 3 4 5 6 7 8 9 11

a

VP

I .

c

2/15

.

-A...

l'

. . .

..,_
. 7

. .
\ ;..

N.

...... . 0 .

_ .

0 1

.
.

2 3 4 5 6 7 0' 9 11

It

... Calculate thp Slope of the

line CD.'
N.

ANSWER Slope

9'6

.



The Tangent to a curve has tnt, sJ.me slope as the cu: -G! at

the point of contact. This means:that we:can now calculate

the SLOPE OF A CURVE at any point, Using; he method

described in the example below.

EXAMPLE

CLculate the Slope of

the curve at the point

where X(P) = 3.0

9

8

7

-MB)
5

4

3

'2

1

0

2/D6-

A

1 2 3 4 5 6 7 8 9 10
X

X(AB)-->
METHOD

(1) Mark- the point P on the et:rye where X(P) = 3.0

(2) Rule a Tangent to the curve at this point, so that the

Horizontal position at each end of the Tangent is a

Whole number ( as for points A and B on the .aph above).

. ,

(3) Calculate the Slope of the Tangent AB us' 4; the method

shown, on pare 2/10.

`(4) This is the slope of the curve at the point P.

, ANSWER

Slop
XI; U3)

9.o - 2.4 7.2
1.2

7.0 - 1.0 6.0

. _947



10

9

8

7

6

5

4

3.

2

0
0 1 2

Calculate,the Slope of the

curve at the point A

where X(A) = 2.0

ANSWER Slope =

3

AIM
4 5 6.7118 9 10 x

10

9

-8

7

\ 654

2

2/17

0-?
0', I 2 3 4 5 6 7 8 9 10

Calculate the Slope of the

cure at the point B

where X(B) = 7.0

ANSWER \Slope =

818

ex%



BASIC SKILLS OF GRAPHICAL INTERPRETATION

PROGRAMME III SECTION

NAME AGE

SEX

3

(years) (months)

SCHOOL CLASS

DATE

INSTRUCTIONS

As you work through this programme, read each

vestion carefully, then write your answer in

the space provided. Any other calculations

should be written on the BACK of the page. If

you are not sure of the answer to a question,

take a guess and go on to the next example.

Every answer should be given to the nearest

dc.:amal place. 949



Complete the following calculations

8 x 0.2 = 3 x 0.5 =

37 x 0.4 -= 29 x 0.5 =

3/1

Now we can use the following formula to calculate the AREA

of any Rectangle or Square.

AREA = LENGTH x HEIGHT'

Use this formula to calculate the Area of the following

figures.

7

11,

6

0.2

0.3

ANSWER Area =

ANSWER Area =

5A
(); ti



3/2

The same formula can also be 1.1:0A to calculate the AREA OF A

GRAPH, or of any. square section of a graph.

6
Now each graph is made up of many small Blocks, each of the

same size, and the AREA OF EACH BLOCK is given by the'

formula Area = Length x Height , as shown on page 3/1.

EXAMPLE

Calculate\the Area

of astngle Block

on this graph.

Y

1.4

1.2

1.0

0.8,

0.6

04

0.2

0
5 10 15 28 25 30 35 40

Phe Lt.,NGTH at each block is shown on the Horizonti.

Axis; and the HEIGHT is shown on the Vertical Axle.

In this example, the Area

of a single Block on- the

graph = Length x Height

5 x 0.2

1.0

45, 50



Calculate the Area of a

single Block on. this

graph.`

ANSWER Area

Y
1.0

09

0.8

0.7

06

05

'04
0.3

02

0.1

Y
2.0

1.8

1.6'

1.4

--1:2-
1.0

0.8

0.6

-0,4
0.2

0
o

i

a

,.........,,

X
0 5 10 15 10 7 _, 30 3S 40 45 50

,

.1

2 4, 6 8 10 12 14 16 18

s

Calculate the Area of a

single Block on this

graph';

ANSWER Area =

s.

3/3

X
20



314

No*-we can calculate the AREA OF ANY SECTION OF A GRAPH,

by cclinting the number of blocks in the section and using

the following formula :-

The TOTAL AREA Area of a single Total Number of

of any Section Block. /Blocks in the

Section.

Y

1.8

1.6

1.4

EXAEPLE 1.2

Calculate the Area 0.8

below the line AB 0.6
A

-on this graph. 04

0.2

o

0

ME2HOD

B

5 10 15 20 25 30 35 40 4.5, 50

(1) Calculate the Area of a single Block on the graph.

(2) Count the total number of Blocks in' the section - each

block to be counted is marked. with a dot () on the

graph above.

(3) Caiculate'the Total Area of thissection, using the

formula shown above.

on page 3/5) .

153 .0

\

9



EXAMPLE (Continued from page 3/4)

Some of the blocks in the section to be counted from the

graph on page 3/4 are cut by the line AB. In such a case, 1:-

we use-the following RULES FOR COUNTING.:-

Cd-"Y -1-f less than-half of the.A-Ookii-included in the area

we wish -to calculate, then do not count that block.

3/5

(b-3 -If half or more o e lock is included in the area

we wish to calculate, then count the whole block.

In this example, each block to be ccunted in the section

is marked with a dot () on the graph (page 3/4).

ANSWER

The Area of a single block

(as shown on page 3/2) = 5 x 0.2

The Tdtal number of blocks in the section = 39.

The Total Area

of the section

below AB

Area of a single

block

1.0 x 39

= 39.0

o

Tet-i number of

r block6 in the

section



f .
Q9

Calculate the Area of a
0.8

single block on this
1

0:
graph.

--- .

. Er
0.6

ANSWER ,,s Area =
0.5

Tk.

.*
-f..-- 67:

0.31P1

0.2

0.1
,.

n

.

J 5 10 15 20 25 30 35 40 45 50
X

(1) Mark with a dot each block you would count to calculate

the Area below the line AB on the graph above.

2) Count the number of blocks you nave marked.

ANSWER

(3) Calculate the Area of the section below the line AB on

the graph above'.

ANSWER Area =

955



Y

3/7

L AD

.
1.8

Calculate the Area of a .

.

,

single block on this
1.6

graph
14

_
.

ANSWER
----- O

....... .1
._ ...

...... - -ZI

ER---ATel
(- t
=- .

0.8 .

% .

OA

a2 D

0 2 4 6 & 10 12 14 16 18 20

h

(1) Mark with a dot each blOck you would count -uo calculate

the area below theline CD on the graph above.

(2) Count the number of blocks you have marked.

ANSWER

(3) Calculate the Area of the section below ;the line CD on

the graph aboe.

ANSWER Area =



3/8

Calculate_21eAreap

ngreBlock on this

graph.

ANSWER Area =

4

1.9

0.9,

0.8

0.7

0.

0.5

0.4

0.3

0.2.

0.1

0

0 5

V

r

.10 15 20 25

1.

(1) Mark with a dot each block you would count to calculate

the area below the curve AB on the graph above.

(2) Count the number of blocks you have marked.

ANSWER

'(3) Calculate the Area of the, section below the AB on

the graph above.

ANSWER Area =



. Calculate the Area of a

single block nn this

graph.

A4

. r 9

ANSWER Area =

5

/

2.0

1.8

1.6

1.4

1.2

1,0

0.8

0,4

0.2

0
0

0---- X
2 4. 6 8 10 12 14 16 18 20\

. I
i

/

(1) Ma with adot-each block you would count /to calculate

thid area below/the curve CD on the graph above.
,

.

(2) Courit the. number of blocks you have marked.'

ANsviEll

(3) Calculate the,AreV.''of the section below the curve CD on

the graph ab6Ve.
0.

ANFER

t.

Area = .



t

0

Mark the position of A on

the .line,- where X(A) = 25

, I;

\
c

1.0

0.9

0.8

0.6

0.5

0.3

0.2

0.1

0
5 10 15 20 25 30 35 40 43

Mark the position of B on

the line, where X(13:,t = 16 ,L



y
.1.0

0.9

. Mark the position of A on

the curve, were X(A) -= 35
0.7

0.6

0.5

0.4

.0.3

0.2

0.1

0

0 5 10 15 20 25 30 35 40 45

Mark the position of 13, on

the curve, where X(B) = -12

. X
50

C



4

1.0

Calculate the Area below 0.9

the line in this graph 0.8

from A to B where X(A) = 10 0.7

and X(B) = 45 0.6

0.5

ANSWER Area =
0.4

0.3

0.1

00

Y

1.8

1.6

1.4

1.2

1.0

0.8

4/04174.......
0 2 4 6 8 1f1' '12 14 16" 18 20.^

3/12*

5 10 15 20 25 30- 35- 4p--45 '5(

Calculate the Area below

the line in this graph

from.C. to p where X(C) = 2

and X(D)
0

= 16

ANSWER Area =

961

xo



Calculafe

the curve

fftm A to

and X(B)

2,0

1.8

1.6

1.4

12*

1.0

0.8

0.6

0.2

0
.0%- 2

ANSWER

A

the Area below

in this gi.aph

where X(A) = 15

= 40:

Area =

-

6 8 JO '12,14 16 18 20

1.0

0.9

0.8

0.7

0.6

0.5'

0.4

.> 0.3 e.

0.2

0.1

0
0 5

3/13

10 15 20 25, 30 35 1.0 45

CalcUlate the Area below

the curve in this graph

from C to D where X(C) = 4

and X(D) = 14

ANSWER Area =

962

50


